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The current study aimed to investigate the effect of stress conditions such as nitrogen
and phosphorous deficiency and supplementation, salinity stress and different pH
values on the biomass, lipid, protein, amino acid and carbohydrate productivities of
Anabaena oryzae and Nostoc sp. The obtained results revealed that an increase in
sodium nitrate by 100% led to increase in the productivities of biomass, protein and
amino acid of A. oryzae and Nostoc sp. While 100% nitrogen deficiency enhanced lipid
productivity to 40.8% and 48.7% for A. oryzae and Nostoc sp., respectively. In addition,
phosphorus limitation led to a reduction in biomass, lipid, amino acid and
carbohydrate for A. oryzae to 36%, 48.4%, 59.3% and 20%, respectively. However,
phosphorus free medium showed an increase in lipid productivity by 35% over the
control in Nostoc sp. Application of all concentrations of NaCl decreased the
productivities of all metabolites in A. oryzae. While high concentration (0.3M) of NaCl
enhanced carbohydrate productivity to 127.2% for Nostoc sp. In addition, the biomass
productivity of A. oryzae and Nostoc sp. was increased at pH 7 and at pH 8§,
respectively. The maximum production of amino acid in A. oryzae and Nostoc sp. was
obtained at pH 8. On the other hand, the acidic and alkaline conditions did not cause
any significant changes on the productivity of carbohydrate in case of A. oryzae and
Nostoc sp.
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1. INTRODUCTION

Cyanobacteria, the blue green algae are an assemblage of Gram-negative
eubacteria widely distributed throughout the world. Cyanobacteria are rich of
structurally novel and biologically active metabolites [1]. Cyanobacteria
include high protein content; capacity to synthesize all amino acids (and
provide the essential ones to humans and animals); presence of carbohydrates
composed of starch, glucose, sugars and non-digestible polysaccharides
(carrageenan and alginate); lipids in the form of glycerol and fatty acids of
the »-3 and -6 families; and a valuable content of many essentials vitamins,
minerals and antioxidant substances [2]. Filamentous cyanobacteria Nostoc,
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Anabaena, and many others are particularly attractive for the production of
high quality biomass, because they represent a source of protein and a variety
of chemicals and pharmaceuticals [3]. Cyanobacterial protein has received
worldwide attention for either as food supplement or as an alternative source
of food. Some species of Anabaena, Nostoc and Spirulina are consumed as
food due to their high protein and fiber content [4]. Actually, some strategies
have been studied for enhancing biomass and high value compounds yields.
Stress strategies have been used as culture strategies. These conditions are
defined as a significant deviation from the optimal conditions for the normal
development and growth of microalgae and cause changes in all functional
levels of the organism. Among the stress factors applied to microalgae
cultures can be classified into two groups: nutrimental and physical. The
nutrimental factors are considered as manipulation of culture media
composition (carbon source, nitrogen, phosphorus and iron deficiency), while
physical are described as manipulation in operation conditions and external
factors that affect the microalgae growth (high light intensities, temperature,
pH, salinity and electromagnet [5,6]. Recent studies have indicated that the
phosphorus limitation causes a significant increase in the carbohydrate and
lipid content of Spirulina platensis by 63.09%, 128%, respectively [7,8].
While the increasing salinity caused significant increase of lipid,
carbohydrate productivities up to 93, 84%, respectively, in Arthrospira
platensis [8]. Setta et al. [9] reported that the nitrogen limitation increments
in carbohydrate concentrations were remarkable, achieving more than 42% of
the dry weight in Synechococcus subsalsus. The present study focused on the
isolation of cyanobacteria from lakes and freshwater ponds in Assiut
Governorate and determined the effect of different concentrations of
nitrogen, phosphorus and sodium chloride as well as different pH values on
the biomass productivity and productivities of some metabolites of Anabaena
oryzae and Nostoc sp.

2. MATERIALS AND METHODS
2.1. Isolation and purification

Cyanobacteria were collected during spring (2015) from lakes and
freshwater ponds in Assiut Governorate. Isolation and purification of
cyanobacterial species were done by common microbiological isolation
methods through streaking and spreading on plates descriptive by Rippka
[10]. Isolated and purified species of algae were cultured in Rippka and
Herdman [11] modified medium. The medium contained (g/L) NaNOs, 1.5;
K2HPO,, 0.04; MgS0,4.7H,0, 0.075; CaCl,.2H,0, 0.036; Citric acid, 0.006;
Ferric ammonium citrate, 0.006; Na,EDTA, 0.001; Na,COs3, 0.02 and one ml
of a microelement solution consisting of (g/L) H3BOg3, 2.86; MnCl,.4H,0,
1.81; ZnS0O,.7H,0, 0.22; Na;Mo00,4.2H,0, 0.39; CuSO45H,0, 0.08;
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Co(NOs3),.6H,0, 0.05. The pH was 7.0, and the medium was maintained at
27+2°C under a light intensity of 48.4 pmol.photon.m™?.s™. The cultures were
subjected to purification by serial dilution followed by plating. The individual
species were isolated and inoculated into liquid Rippka and Herdman [11]
modified medium and incubated under the same previous conditions.
Identification of algae has been done by the following references [12,13].

2.2. Algae strain and growth conditions

Cyanobacteria (Anabaena oryzae and Nostoc sp.) were cultivated
axenically as batch cultures in ©++ ml Erlenmeyer flasks with Rippka and
Herdman [11] modified medium at 27+2°C under a light intensity of 48.4
umol.photon.m?.s™. The effect of different nutrients, namely nitrogen
[control (1.5 g L™), - 50 % (0.75 gL™), -75%, (0.375 gL™), -100% (0 gL™)
and +100% (3 gL™], phosphorus [control (0.04 gL™), -50% (0.02 gL™), -75%
(0.01 gL ™), -100% (0 gL™) and +100% (0.08 gL™], sodium chloride [(control
(0 g L"), 0.05M (2.92 gL™), 0.1M ( 5.84 gL ™), 0.2M ( 11.68 gL ™), 0.3M
(17.52 gL™)] and pH value [control (7), 5, 6, 8 and 9] on the growth, lipid,
protein, amino acid and carbohydrate productivities of Anabaena oryzae and
Nostoc sp. was studied.

2.2.1. Biomass assay

The growth of cyanobacteria was daily monitored by the determination of
chlorophyll a according to Metzner et al. [14], and by determination of
cyanobacterial cellular dry weight (CDW). Biomass productivity was
calculated as follows:

Biomass productivity (mg CDWLd™) = (CDW_-CDWg)/(t.-te)

Where; CDWe and CDW, representing the CDW (mgL™) at the start of the
culture (te) and late exponential phase (t.), respectively.

2.3. Estimation of total lipid

The total lipid content was determined by the sulfophosphovanilin method
(SPV) according to Drevon and Schmit [15].

2.4. Estimation of total protein

The total protein was spectrophotometrically measured at 750 nm using
the method described by Lowry et al. [16].

2.5. Estimation of total carbohydrate

The carbohydrate content was measured by hydrolyzing of
polysaccharides into simple sugars using dilute HCL and estimating the
resultant monosaccarides by the anthrone sulfuric acid method [17]. Glucose
was used as a standard for the preparation of calibration curve.
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2.6. Estimation of free amino acids:

Free amino acids were estimated according to the method adopted by Lee
and Takahashi [18].

2.7. Productivities calculation

Productivities of lipid, protein, carbohydrate and amino acid were
calculated by:

Productivity (mgL™d™) = Biomass productivity x C;

Where Cx is the final content of lipids, proteins, carbohydrates or amino acids
and was given as percent dry weight.

2.8. Statistical Analysis

The data were obtained from four independent experiments and measured
as a means + SE using Excel 2010 Program. The statistical programmed
SPSS version sixteen was used to analysis the effect of different factors in
this study. ANOVA table was employed to study the effect of different
concentrations of the various factors on the metabolites of studied
cyanobacteria. For comparison of the means, the Duncan’s multiple range
tests (p< 0.05) were used.

3. RESULTS AND DISCUSSION

Cyanobacteria have gained importance as human food and pharmaceutical
agent for its high content of protein, vitamins, carotenoids, lipids,
carbohydrates and essential fatty acids [5], so many studies were established
to optimize these important compounds production. The present study aimed
to enhance the production of some of these compounds, which were
calculated as productivity in mgL*d™, by modification of media composition.
Different nitrogen (NaNO3z) and phosphorus (K;HPO,) as well salinity
(NaCl) concentrations and different pH values were selected for this purpose.

The two studied cyanobacteria were grown in the absence and in the
presence of sodium nitrate as a source of nitrogen. The effect of different
nitrogen concentrations on the growth of Anabaena oryzae and Nostoc sp.
was recorded as chl. a for 7 and 9 days of incubation, respectively (Fig. 1a,b).
The obtained results revealed that a decrease in sodium nitrate concentration
led to a reduction in chl. a and biomass productivity in both cyanobacteria
species. The most pronounced reduction in biomass productivity amounted to
29.8% and 5.6% at 100% decrease in NaNOs for A. oryzae and Nostoc sp.,
respectively (Table 1). These results are in accordance with Rosales et al.
[19] who observed the reduction in biomass production of Anabaena strains
when exposed to low nitrate concentration. In this respect, Hifney et al. [20]
reported that, completely removed nitrogen source from medium severely



Productivity of Biomass and Some Metabolites of Anabaena Oryzae . . . 5

drop in the biomass of Spirulina sp. Mandal and Mallick [21] were also
observed a decrease in growth pattern for Scenedesmus obliquus, under
nitrogen deficient conditions. Decrease in algal biomass concentration in low
nitrate concentration was also seen in Nannochloropsis sp. [22]. On the other
hand, the biomass productivity was increased when the cultures of
cyanobacteria under testing grown in a 100% increase of nitrogen. Similar
studies have been verified that cyanobacteria grow better with higher levels
of nitrogen [23].

a ©7 ——C ——(-)%°"
—i—(-) %V —Z—100%N(-)
> 1 —s—100%N(+)

Chl. a (ug/ml)

o

——C ——(-)%°"
67 —am()%Yo —fZ—100%N(-)

Chl. a (ng/ml)

Fig. 1. Effect of different concentrations of NaNO3 on the growth of
a) Anabaena oryzae and b) Nostoc sp.
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The present study proved that the nitrogen starvation causes increased in
lipid productivity by the studied cyanobacteria. The most distinct increase in
lipid productivity was observed at 100% decrease in NaNO3 which amounted
to 40.8 % and 48.7% for A. oryzae and Nostoc sp., respectively, compared to
standard medium (Table 1). These results agree with the data obtained by
Yeesang and Cheirsilp [6] who reported that under nitrogen deficient
conditions, algal cells accumulate carbon metabolites as lipids.

On the other hand, the increase in nitrogen concentration by 100% decreased
the lipid productivity of A. oryzae and Nostoc sp. by 3.3% and 7.6%,
respectively. An increase in nitrogen concentration in the medium leads to
reduction in lipid yields for Arthrospira platensis [24].

Table 1. Effect of different nitrogen concentrations on biomass, lipid, protein,
amino acid and carbohydrate productivities of Anabaena oryzae
and Nostoc sp.

Productivities (mg/L/day)

Biomass Lipid Protein | Amino acid | Carbohydrate

C. 114.1+4° |12.0£0.2°* | 11.4+0.8" | 2.8+0.08° 1.9+0.2°

50% N (-)| 96.7+#4° |15.6+0.4"| 7.6+0.3° | 1.7+0.16° 1.020.1°

Anabaenal ;oo\ ()| gg.744> | 155+03°| 8.3+0.02° | 1.8+0.13° 0.920.1°
oryzae

100% N (-)| 80.79+5° |16.9+0.5°| 8.2+0.1° | 1.0+0.06 1.120.1°

100% N(+)| Y17.3+"° | 11.6+0.1% |12.6+0.05°| 3.9+0.13° 2.9+0.1°

C. 57+1% 7.840.2° | 8.7¢0.6° | 2.0+0.2° 0.9+0.02*

50% N (-)| 57.7#1® | 9.240.2° | 8.0+0.1° | 1.8+0.1° 1.2+0.1°

Nostoc sp.[75% N (-)| 56.5+1%* |11.1+0.1°| 8.8+0.6* | 1.9+0.1° 1.0+0.1°

100% N (-)| 53.8+1% |11.6+0.1°| 7.8+0.4° 1.2+0.03° 1.2+0.2°

100% N(+)| 60.4+1.6° | 7.240.3% | 9.1+ 0.4° 2.5+0.2° 1.0£0.02°

The data are given as averages of three replicates of standard error. Values followed by the
different letters are significantly different at p < 0.05.
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Increasing of nitrogen concentration by 100% resulted in increase of
protein and amino acid productivities of A. oryzae and Nostoc sp. by 10.5%,
39.2% and 4.6%, 25%, respectively (Table 1). Increase in biomass and
protein production by increasing nitrogen concentration, as it seen in results
of A. oryzae and Nostoc sp., has been widely supported by various reports
from Anabaena [25], Oscillatoria [26], Dunaliella [27] and Spirulina
platensis [28]. On the other hand, the decrease in sodium nitrate led to
reduction in protein and amino acid productivities amounted to 28.1%, 10.3%
and 64.2%, 40% at 100% decrease in NaNOj for A. oryzae and Nostoc sp.,
respectively (Table 1). These results were in agreement with the finding of
Uslu et al. [29] who studied the effects of nitrogen deficiency on protein
content of Spirulina cultivated on Zarrouk medium and recorded 67, 54, 6%
of cellular dry weight protein for groups of control, 50% and 100% deficient
nitrogen, respectively. A possible explanation towards decrease in protein
content is the cells might have degraded the nitrogenous compounds to
maintain intracellular nitrogen quota for their normal metabolic function [30].
The carbohydrate productivity of A. oryzae significantly increased to 52.6%
under nitrogen-rich conditions (Table 1). The same result recorded in
Anabaena strains treated with high nitrate concentration [19]. There was no
significant effect of decreasing and increasing of sodium nitrate on the
carbohydrate productivity of Nostoc sp.

Effect of phosphorus on the growth of Anabaena oryzae and Nostoc sp.
that recorded as chl. a was studied by changing of phosphorus concentration
(Fig. 2a,b). The results in this study cleared that the decrease in phosphorus
concentration led to a reduction in chl. a and biomass productivity in both
cyanobacteria species. The reduction in biomass productivity amounted to
36% and 4.1% at 100% decrease in phosphorus for A. oryzae and Nostoc sp.,
respectively (Table 2). These same results were also recorded in_Arthrospira
platensis cultured at very low phosphorus concentration in batch culture [7].
However, no significant change in biomass productivity of A. oryzae and
Nostoc sp. when grown in a 100% increase in phosphorus concentration
(Table 2). These results were in agreement with the finding of EI-Shouny et
al. [8] who studied the effect of phosphorus concentration on biomass
production content of Arthrospira platensis and recorded that the increasing
of phosphorus concentration up to 50% and 100% didn't show any significant
change in biomass production.
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Fig. 2. Effect of different concentrations of K,HPO, on the growth of
a) Anabaena oryzae and b) Nostoc sp.

Compared to the control, cultures treated with 100% decrease in K;PO,
showed the significant decrease in lipid productivity of A. oryzae by 48%.
While, phosphorus free medium showed 35% increase in lipid productivity
more than the control in Nostoc sp. (Table 2). However, application of high
concentration of K,PO,4 (+100 %) to the culture of A. oryzae and Nostoc sp.
led to a reduction in lipid productivity by about 7.4% and 36% than the
control in case of A. oryzae and Nostoc sp., respectively. Generally,
microalgae accumulate lipid under nutrient limitation when the energy source
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(light) and carbon source (CO;) are available and when the cellular
mechanisms for the photosynthesis are active [31].

Table 2. Effect of different phosphorus concentrations on biomass, lipid,
protein, amino acid and carbohydrate productivities of Anabaena
oryzae and Nostoc sp.

Productivities (mg/L/day)
Biomass Lipid Protein | Amino acid | Carbohydrate

C. 118.8+4% [19.0+0.03™| 9.2+0.3° | 3.2+0.41° 2.0£0.1°

50% P (-) | 104.6x4° | 20.1%0.7°| 7.5+0.3* | 1.7#0.12° 1.6+0.02°

Anabaenal zoo oy | 903430 | 17.840.3° | 8.4+0.2% | 15¢002° | 1.8+0.03"

oryzae

100% P ()|  76+4° 9.840.4° | 9.1+0.1° | 1.3+0.13° 1.6+0.1°

100%P (+)| 117#3" | 17.6+0.5° | 7.3+0.3* | 2.00.03 1.8+0.1°

C. 65.7+1" | 9.4%0.3° | 9.8+0.02° | 2.4%0.2° 1.0+0.1°

50% P (-) | 58.9+1° |10.6+0.9"| 9.8+0.9° | 2.5+0.3" 1.0+0.1°

Nostocsp.| 75% P (-) | 643%™ [12.1+0.6*| 7.9 0.5 | 1.5+0.0° 1.0+0.1°
100% P ()| 63x2® | 12.7+0.1%| 6.3x0.1* | 2.0+0.1% 0.7+0.02°

100%P (+)|  69+1° 6.0+0.1° | 9.240.4* | 2520.1° 0.8+0.03°

The data are given as averages of three replicates of standard error. Values followed by the
different letters are significantly different at p < 0.05.

The obtained results in table 2 revealed that a decrease or increase of
K,PQO, concentration led to decrease in protein productivity by A. oryzae and
Nostoc sp. The most pronounced reduction amounted to 20.6 % and 35.7%
than the control at +100 % and -100% of K,PQO, for A. oryzae and Nostoc sp.
(Table 2). In this respect, Baiee et al. [32] reported that, the soluble protein
content decreased under phosphorus limitation. They suggested that the
decreasing because the synthesis of nonessential proteins may be repressed
during phosphorus limitation because the enzymes that are responsible for
protein synthesis affected by phosphorus concentration.
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The decrease or increase in K;PO, concentrations also significantly
decreased the amino acid productivity of A. oryzae, but the low significant
amino acid productivity was observed by using -75% of K,PO, for Nostoc
sp., which showed 37.5 %, decrease in amino acid productivity with respect
to the control (Table 2). The same results were observed on carbohydrate
productivity shown in table 2 .Whereas, the culture of A. oryzae grown in
different concentrations of K,PO, resulted in a decrease in carbohydrate
productivity, whereas, the most pronounced reduction amounted to 20%
below the control at -50% and -100% of K,PO, for A. oryzae. However the
different concentrations of K,PO, didn't cause any significant changes on the
carbohydrate productivity of Nostoc sp. (Table 2). At higher N:P ratios the
increased cell size allows for greater accumulation of carbohydrates in the
cell, which is also indicated by the similar cellular carbohydrate content [33].

Fig. 3a,b shows the effect of different concentrations of NaCl on the
growth of A. oryzae and Nostoc sp. for 7 and 9 days of incubation
respectively. Application of all concentrations of NaCl decreased the chl. a in
the two studied cyanobacteria, with respect to the control.
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Fig. 3. Effect of different concentrations of NaCl on the
growth of a) Anabaena oryzae and b) Nostoc sp.

High salinity concentrations (0.1, 0.2 and 0.3 M) significantly decreased
the biomass productivity of A. oryzaeby 24.5%, 31.4%, 29.5% and 32 %,
44.6, 54.8% for Nostoc sp., respectively than the control (Table 3). These
observations were in accordance with the results of Hu et al. [34] who
showed that the biomass and chl. a production of Scytonema javanicum were
reduced when exposed to high NaCl concentration. The reduction of
chlorophyll contents at high salinity is due to a decrease in photosynthetic
rate because of salt osmotic and toxic ionic stress [35]. Wang et al. [36,37]
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suggested that salinity stress may inhibit electron transport at the PSII donor
site. The obtained results in this investigation showed a significant decrease
in lipid productivity of A. oryzae at different concentrations used of NaCl.
However, in case of Nostoc sp. a non-significant increase in lipid
productivity was observed at 0.05M concentration of NaCl (Table 3). The
most pronounced reduction in lipid productivity amounted to 56.3% and
22.1% at 0.3M and 0.2M of NaCl for A. oryzae and Nostoc sp., respectively.
This result agrees with the data obtained by Chaffin et al. [38] who reported
the reduction in lipid production when Fragilaria capucina exposed to high
NaCl concentration.

Table 3. Effect of different sodium chloride concentrations on biomass, lipid,
protein, amino acid and carbohydrate productivities of Anabaena
oryzae and Nostoc sp.

Productivities (mg/L/day)
NaCl . .. . Amino
M) Biomass Lipid Protein acid Carbohydrate
C. (0) 121.5+2° | 18.1+0.4° | 9.4+0.1° | 3.0+0.12° 2.1+0.2°
0.05 106.5+7%® | 12.1+0.9° | 6.6+0.4° | 2.5+0.23" 1.6+0.1%
Ag??f;:a 0.1 91.7+6% | 12.5+0.8° | 5.240.3® | 2.4+0.1% 1.3+0.0%
0.2 83.319% | 10.9+0.9° | 6.2+0.4% | 2.2+0.20%® 1.5+0.1%
0.3 85.56+8% | 7.9+0.7% | 4.5+0.2% | 1.7+0.26° 1.9+0.3%
C. (0) 68.5+5° | 9.5+1.2% | 10.9+ 2.3+0.4% 1.1+0.1°
0.7°
65+7" 10.3+1° 7.8+ 3.7+0.4° 1.2+0.1
0.05 0.7%®
Nostoc sp.
0.1 46.6+6° | 8.6+0.0%° | 9.3+1.4%® | 3.2+0.3%® 1.4%0.23
0.2 37.9+1° 7.4+0.2% | 8.3+0.3% | 2.6+0.1% 2.3+0.1°
0.3 3143 7.9+0.2% | 7.2+0.3% | 2.7£0.3® 2.5+0.1°

The data are given as averages of three replicates of standard error. Values followed by the
different letters are significantly different at p < 0.05.
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The protein productivity of the studied cyanobacteria was decreased with
increasing salt concentration, whereas, high concentration (0.3M) of NaCl
resulted in a 52% and 34% reduction in protein productivity of A. oryzae and
Nostoc sp., respectively (Table 3). Kirroliaa et al. [39] reported that the
cultivation with higher saline concentrations had lower chlorophyll and
protein contents. Sheikh et al. [40] obtained the same results in Anabaena
cylindrica when exposed to NaCl stress.

The same results were observed on the amino acid and carbohydrate
productivities of A. oryzae when exposed to salinity stress. While, the
addition of 0.05 and 0.1M NaCl concentration stimulates the amino acid
productivity in Nostoc sp. by 61% and 39%, respectively (Table 3). Hifney
[41] reported that the concentration of free amino acids increased by salinity
stress when applied to Anabaena circinalis. Stewart et al. [42] found that
salinity stimulated the conversion of saccharides to amino acids and/or inhibit
amino acid incorporation into protein. The highest value of carbohydrate
productivity was obtained when the culture of Nostoc sp. was supplemented
with 0.2 and 0.3M NaCl concentration (Table 3). Many previous studies
reported that carbohydrate synthesis was stimulated by stress conditions [39].
Gill et al. [43] observed that soluble sugars play an important role in the
osmotic regulation of cells during reproduction and stress conditions. The
increase in the sugar content may be an adaptive measure under salinity
conditions.

The sequence of changes in growth of the cyanobacteria under different
pH values (5, 6, 7, 8 and 9) is represented in (Fig. 4a,b). At high or low pH,
cells may have to spend energy for maintenance of an internal pH necessary
for cell function [44]. It has been suggested that pH can affect chl. a and
biomass productivity of cyanobacteria. In acidic as well as alkaline
conditions, the cultures of A. oryzae were able to grow, but growth in these
conditions was comparatively less than the control culture (pH 7) (Table 4).
The biomass productivity of A. oryzae was increased at pH 7 compared to the
other treatments. The best suited pH value for the growth of Nostoc sp. was 6
with significant increase of 13% in biomass productivity. Earlier studies
related to the effect of pH on the growth of cyanobacteria has revealed that
pH between 7.4 and 8.0 is favorable for the optimum growth of cyanobacteria
species [45]. The fact that all cyanobacteria were able to grow in acidic (pH
6.5) medium indicates that cyanobacteria can adapt to variable pH conditions
as suggested by Burja et al. [46]. Thornton [47] reported that photosynthetic
efficiency of Chaetoceros muelleri decreases as the environment surrounding
the cells becomes more acidic and also observed that the growth rate of
diatom was not affected by pH between 7.4 and 8.2, but the growth rate at pH
6.8 was significantly low.
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Fig. 4 Effect of different pH values on the growth of a) Anabaena
oryzae and b) Nostoc sp.

The acidic pH value (pH 5) significantly reduced the lipid productivity in
A. oryzae and Nostoc sp. by 28% and 27%, respectively, compared to the
control culture (Table 4). The most pronounced increase in lipid at pH 7 and
pH 9 for A. oryzae and Nostoc sp., respectively. Alkaline pH stress led to
triacylglycerol (TAG) accumulation in Chlorella CHLOR1 and was not
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dependent on nitrogen or carbon limitation levels, and led to a decrease in
membrane lipids [48]. Based on morphological observations, alkaline pH
inhibited the growth of Chlorella CHLORZ1, thus diverting the energy to form
TAG.

The protein productivity of Nostoc sp. was significant increased at pH 8
amounted to 20.6% with compared to the control culture. There was no
significant effect of decreasing and increasing of pH on the protein productivity
of A. oryzae (Table 4). Change in pH facilitates changes in the net charge of
protein and also affects the partitioning behavior of the protein [49].

Table 4. Effect of different pH values on biomass, lipid, protein, amino acid
and carbohydrate productivities of Anabaena oryzae and Nostoc sp.

Productivities (mg/L/day)
Biomass Lipid Protein Amino acid Carbohydrate

C.(7) 11644 143+17° | 8.4#0.2° | 2.620.005® 1.6+0.1°

5 77.9+9° 10.3#1.4° | 9.240.3% | 2.7+0.16® 1.620.1°

Anabaena 6 77745 | 124306 | 9.1£0.1° | 3.0£0.2" 1.740.1°

oryzae

8 76.8+6° 12.3+2.4% | 7.540.3 3.4+0.05° 1.540.1°

9 82.6+10°% 13.43% 7.3+0.3 2.240.37° 1.30.2

C.(7) 68.7+2" 9.2+0.4° 9.7+0.2" 2.3+0.01¢ 0.9+0.1°

5 46.3+4° 6.7+0.6% 5.6+0.3% 1.120.1° 0.8+0.02°

Nostoc sp. 6 78.9+8° 10.0+0.6° | 10.4+0.9° 2.240.1° 1.120.1°
8 67+3° 8.74¢0.3° | 11.7+0.5° 2.440.3° 1.120.1°

9 5242° 10.1+0.9° | 7.3+0.7% 1.740.2° 1.120.01°

The data are given as averages of three replicates of standard error. Values
followed by the different letters are significantly different at p < 0.05.

The maximum production of amino acid in A. oryzae and Nostoc sp.
cultures obtained at pH 8 amounted to 30.7% and 4.3% respectively.
Taraldsvik and Myklestad [50] observed that increase in free amino acid in
Skeletonema costatum when cells were subject to an increase in pH from 6.5
to 8.0. While pH did not cause any significant changes on the productivity of
carbohydrate in case of A. oryzae and Nostoc sp. (Table 4). This observation
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agrees with the finding of Touloupakis et al. [51] who showed that no change
in the carbohydrate production of Synechocystis sp. when exposed to pH
values between 7.5 and 10.0.

4. CONCLUSION

In this study, the biomass, lipid, protein, amino acid and carbohydrate
productivity of A. oryzae and Nostoc sp. grown under stress conditions were
investigated. In general, the biomass productivity of two cyanobacteria
species was passively affected by the stress conditions. Nitrogen starvation
was considered as the most preferred condition for the maximum lipid
productivity in A. oryzae and Nostoc sp. than the other factors. The best
suited pH value was 8 for the maximum protein productivity in Nostoc sp.
with an increase of 20.6%, compared to the control and other treatments. On
the other hand, the highest amino acid productivity was recorded by the
treatment of Nostoc sp. with a low concentration of NaCl amounted to
60.8%. However, the high concentration of NaCl enhanced carbohydrate
productivity to 127.2% for Nostoc sp. in comparison to the control culture
and other used treatments.

REFERENCES

[1] Madhumathi V, Deepa P, Jeyachandran S, Manoharan C, Vijayakumar S (2011).
Antimicrobial  activity of cyanobacteria isolated from freshwater
lake. International Journal of Microbiological Research, 2(3), 213-216.

[2] Harun R, Singh M, Forde G, Danquah M (2010). Bioprocess engineering of
microalgae to produce a variety of consumer products. Journal of Renewable
and Sustainable Energy Review, 14(3),1037-1047.

[3] Gantar M, Svircev Z (2008). Microalgae and cyanobacteria: food for thought
1. Journal of phycology, 44(2), 260-268 .

[4] Anupama PR (2000). Value added food: single cell protein.
Biotechnology Advances, 18: 459-479.

[5] Wang HY, Zeng XB, Guo SY, Li ZT (2008). Effects of magnetic field on the
antioxidant ~ defense  system  of  recirculation-cultured  Chlorella
vulgaris. Bioelectromagnetics, 29(1), 39-46.

[6] Yeesang C, Cheirsilp B (2011). Effect of nitrogen, salt, and iron content in the
growth medium and light intensity on lipid production by microalgae isolated
from freshwater sources in Thailand. Bioresource Technology, 102(3), 3034-
3040.

[7] Markou G, Chatzipavlidis I, Georgakakis D (2012). Carbohydrates production
and bio-flocculation characteristics in cultures of Arthrospira (Spirulina)
platensis: improvements through phosphorus limitation process. BioEnergy
Research, 5(4), 915-925.

[8] El-Shouny W, Sharaf M, Abomohra AEF, Abo-Eleneen M (2015). Production
enhancement of some valuable compounds of Arthrospira platensis. Journal of
Basic and Environmental Sciences, 2,74 — 83.


https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwibo-e37ebOAhUDthQKHVo3ATkQFgguMAI&url=http%3A%2F%2Fscitation.aip.org%2Fcontent%2Faip%2Fjournal%2Fjrse&usg=AFQjCNHRKNWS9dMcnWGAw2B_iWz8W0ehCQ&sig2=jAVfQE3YVNlBiiIW3wPzYw&bvm=bv.131286987,d.d24
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwibo-e37ebOAhUDthQKHVo3ATkQFgguMAI&url=http%3A%2F%2Fscitation.aip.org%2Fcontent%2Faip%2Fjournal%2Fjrse&usg=AFQjCNHRKNWS9dMcnWGAw2B_iWz8W0ehCQ&sig2=jAVfQE3YVNlBiiIW3wPzYw&bvm=bv.131286987,d.d24

Productivity of Biomass and Some Metabolites of Anabaena Oryzae . . . 17

[9] Setta BR, Barbarino E, Passos FB, Lourengo SO (2014). An assessment of the
usefulness of the cyanobacterium Synechococcus subsalsus as a source of
biomass for biofuel production/Evaluacion de la utilidad de la cianobacteria
marina Synechococcus subsalsus como fuente de biomasa para la produccién de
biocombustibles. Latin American Journal of Aquatic Research, 42(2), 364.

[10] Rippka R (1988). Recognition and identification of cyanobacteria. In: L.
Packer and A.N. Glazer [Eds] Cyanobacteria. Methods in Enzymology, VVolume
167, Academic Press, New York, 28-67.

[11] Rippka R, Herdmann M (1993). Pasteur culture collection of cyanobacterial
strains in axenic culture.Vol. 1 Catalogue of Strains 103 P. Institut Pasteur, and
Paris, France.

[12] Prescott GW (1982). Algae of the west great lakes area. WMC Brown
Company Publisher, 977pp.

[13] Bellinger GE, Sigee DC (2010). Freshwater Algae: Identification and Use as
Bioindicators. Hoboken, NJ: John Wiley and Sons, Ltd.

[14] Metzner H, Rau H, Senger H (1965). Untersuchungen zur synchronisier-barkeit
ein zelner pigment managel. Mutanten von Chlorella. Planta, 65,186-194.

[15] Drevon B, Schmit JM (1964). La reaction sulfophosphovanillique dans I’ét.ude
des lipides seriques. Bull. Trau. Soc. Pharm. Lyon, 8,173-178.

[16] Lowry DH, Rosebrough NJ, Farr AL, Randall RJ (1951). Protein measurement
with the folin phenol reagent. Journal of Biological Chemistry, 193,265-275.
[17] Badour SS (1959). AnalytischOChemische unter suchung des kalimangels bei
Chlorella in vergleich mit anderen manget zamstanden. Ph.D. Dissertation

Goettingen.

[18] Lee YD, Takahashi T (1966). An improved colorimetric determination of
amino acids with use of ninhydrin. Analytical Biochemistry, 14: 71-77.

[19]Rosales Loaiza N, Vera P, Aiello-Mazzarri C, Morales E. (2016). Comparative
growth and biochemical composition of four strains of Nostoc and Anabaena
(Cyanobacteria, Nostocales) in relation to sodium nitrate. Acta Bioldgica
Colombiana, 21(2), 347-354.

[20][Hifney, AF, Issa, AA, Fawzy MA (2013). Abiotic stress induced production of
B-carotene, allophycocyanin and total lipids in Spirulina sp. Journal of Biology
and Earth Sciences, 3(1),54-64.

[21][Mandal S, Mallick N (2009). Microalga Scenedesmus obliquus as a potential
source  for  biodiesel  production.  Applied  microbiology  and
biotechnology, 84(2), 281-291.

[22]Hu H, Gao K (2005). Response of growth and fatty acid compositions of
Nannochloropsis sp. to environmental factors under elevated CO2
concentration. Biotechnology letters, 28, 987-992.

[23] Jonte L, Rosales-Loaiza N, Bermudez-Gonzalez J, Morales E (2013). Urea fed-
batch cultures of the cyanobacterium Phormidium sp. as a function of the salinity
and age of cultures. Revista Colombiana de Biotecnologia, 15(2), 38-46.

[24]Sassano CEN, Gioielli LA, Ferreira LS, Rodrigues MS, Sato S, Converti A,
Carvalho JCM (2010). Evaluation of the composition of continuously-cultivated
Arthrospira (Spirulina) platensis using ammonium chloride as nitrogen source.
biomass and bioenergy, 34(12), 1732-1738.


https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjh6Zmc7ubOAhVBkRQKHcfwDEUQjBAIJDAB&url=http%3A%2F%2Fwww.jbc.org%2Fcontent%2Fby%2Fyear&usg=AFQjCNHj9-LJAmKSig6DNNhjyJq5pbthWw&sig2=ipcFDJW5ZNeWMib4mUF29A&bvm=bv.131286987,d.d24
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiWpPDw7ebOAhUBwxQKHUVoAPsQFggfMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00032697&usg=AFQjCNH529M2E5eZELWra5m5wZgLDZbuMw&sig2=qtU3PEsRLj8C7HM0NLlnRg

18 Mustafa A. Fawzy, Mohammed Rawway, Khalifa Said Eldiehy, Usama M.
Abdul-Raouf

Loaiza, N. R., Avendafio, D., Otero, A., & Morales, E. (2010). Crecimiento,
produccion de pigmentos y proteinas de la microalga Dunaliella viridis
(Chlorophyta) en cultivos semicontinuos. Boletin del Centro de Investigaciones
Bioldgicas, 42(3). Loaiza, N. R., Avendafio, D., Otero, A., & Morales, E.
(2010). Crecimiento, produccion de pigmentos y proteinas de la microalga
Dunaliella viridis (Chlorophyta) en cultivos semicontinuos. Boletin del Centro
de Investigaciones Bioldgicas, 42(3).Rosales-Loaiza N, Avendafio D, Otero A,
Morales E.

[25] Loreto C, Rosales N, Bermudez J, Morales E (2003). Produccion de pigmentos
y proteinas de la cianobacteria Anabaena PCC 7120 enrelacion a la
concentracion de nitrogeno e irradiancia. Gayana Boténica, 60(2), 83-89.

[26] Fuenmayor G, Jonte L, Loaiza NR, Morales E (2009). Efecto de la salinidad y
la concentracion de nutrients sobre el crecimiento y compaosicion bioquimica de
la cianobacteria autoctona Oscillatoria sp. MOF-06. Ciencia,17(1):50-57.

la microalga Dunaliella viridis (Chlorophyta) en cultivos

la microalga Dunaliella viridis (Chlorophyta) en cultivos

la microalga Dunaliella viridis (Chlorophyta) en cultivos

la microalga Dunaliella viridis (Chlorophyta) en cultivos

[27] Loaiza NR, Avendafio D, Otero A, Morales E (2010). Crecimiento, produccién
de pigmentos y proteinas de la microalga Dunaliella viridis (Chlorophyta) en
cultivos semicontinuos. Boletin del Centro de Investigaciones Biol6gicas, 42(3).

[28] Colla LM, Reinehr CO, Reichert C, Costa JA (2007). Production of biomass

and nutraceutical compounds by Spirulina platensis under different temperature and

nitrogen regimes. Bioresource technology, 98(7), 1489-1493.

[29] Uslu L, Igik O, Kog K, Goksan T (2011). The effects of nitrogen deficiencies
on the lipid and protein contents of Spirulina platensis. African Journal of
Biotechnology, 10(3), 386-389.

[30] Imran R, Hamid A, Amjad R, Chaudhry CA, Yaqub G, Akhtar S (2014).
Evaluation of heavy metal concentration in the poultry feeds. Journal of
Biodiversity and Environmental Sciences, 5, 394-404.

[31] Courchesne NM, Parisien A, Wang B, Lan CQ (2009). Enhancement of lipid
production using biochemical, genetic and transcription factor engineering
approaches. Journal of biotechnology, 141(1), 31-41.

[32] Baiee MA, Salman JM (2016). Effect of phosphorus concentration and light
intensity on protein content of microalga Chlorella vulgaris. Mesopotamia
Environmental Journal, Vol. 2, No.2, pp. 75-86.

[33] Razaghi A, Godhe A, Albers E (2014). Effects of nitrogen on growth and
carbohydrate formation in Porphyridium cruentum. Open Life Sciences, 9(2),
156-162.

[34] Hu J, Jin L, Wang X, Cai W, Liu Y, Wang G (2014). Response of
photosynthetic systems to salinity stress in the desert cyanobacterium
Scytonema javanicum. Advances in Space Research, 53(1), 30-36.

[35] Moradi F, Ismail AM (2007). Responses of photosynthesis, chlorophyll
fluorescence and ROS-scavenging systems to salt stress during seedling and
reproductive stages in rice. Annals of Botany, 99(6), 1161-1173.



Productivity of Biomass and Some Metabolites of Anabaena Oryzae . . . 19

[36] Wang GH, Hao ZJ, Anken RF, Lu JY, Liu, YD (2010). Effects of UV-B
radiation on photosynthesis activity of Wolffia arrhiza as probed by chlorophyll
fluorescence transients. Advances in Space Research, 45 (7), 839-845.

[37] Wang GH, Chen LZ, Hao ZJ, Li XY, Liu YD (2011). In: Effects of Salinity
stress on photosynthethesis of Wolffia arrhiza as probed by OJIP test. Fresenius
Environmental Bulletin, 20, (2a), 432-438.

[38] Chaffin JD, Mishra S, Kuhaneck RM, Heckathorn SA, Bridgeman TB (2012).
Chaffin Environmental controls on growth and lipid content for the freshwater
diatom, Fragilaria capucina: a candidate for biofuel production. Journal of
applied phycology, 24(5), 1045-1051.

[39] Kirroliaa A, Bishnoia NR, Singhb N (2011). Salinity as a factor affecting the
physiological and biochemical traits of Scenedesmus quadricauda. Journal of
Algal Biomass Utilization, 2(4), 28-34.

[40] Sheikh TA, Baba ZA, Sofi P (2006). Effect of NaCl on growth and
physiological traits of Anabaena cylindrica L. Pakistan Journal of Biological
Sciences, 9(13), 2528-2530

[41] Hifney AF (2013). Improvement of growth and some metabolites of the salt
affected Anabaena circinalis by calcium. Journal of Biology and Earth Sciences,
3(1), 20-28.

[42] Stewart CR, Morris CJ, Thompson JF (1966). Change in amino acid contents of
excised leaves during incubation I | -Role of sugar in the accumulation of
proline in wilted leaves. Planta, 120: 279.

Crecimiento, produccion de pigmentos y proteinas de

Crecimiento, produccion de pigmentos y proteinas de

[43] Gill PK, Sharma AD, Singh P, Bhullar SS ( 2002). Osmotic stress induced
changes in germination, growth and soluble sugar contents of Sorghum bicolor
(L.) Moench seeds under various abiotic stresses. Plant Physiology, 128,12-25.

[44] Rai SV, Rajashekhar M (2014). Effect of pH, salinity and temperature on the
growth of six species of marine phytoplankton. Journal of Algal Biomass
Utilization, 5(4),55-59.

[45] Bano AZ, Siddiqui PJ (2004). Characterization of five marine cyanobacterial
species with respect to their pH and salinity requirements. Pakistan Journal of
Botany, 36(1), 133-144.

[46] Burja AM, Abou-Mansour E, Banaigs B, Payri C, Burgess JG, Wright PC
(2002). Culture of the marine cyanobacterium, Lyngbya majuscula
(Oscillatoriaceae), for bioprocess intensified production of cyclic and linear
lipopeptides. Journal of microbiological methods, 48(2), 207-2109.

[47] Thornton DC (2009). Effect of low pH on carbohydrate production by a marine
planktonic diatom (Chaetoceros muelleri). International Journal of
Ecology, 2009.

semicontinuos. Bol Centro Invest Biol. 2007;42(3):323-

semicontinuos. Bol Centro Invest Biol. 2007;42(3):323-

semicontinuos. Bol Centro Invest Biol. 2007;42(3):323-

[48] Sharma KK, Schuhmann H, Schenk PM (2012). High lipid induction in

microalgae for biodiesel production. Energies, 5(5), 1532-1553.



20 Mustafa A. Fawzy, Mohammed Rawway, Khalifa Said Eldiehy, Usama M.

Abdul-Raouf
[49] Waghmare AG, Salve MK, LeBlanc JG, Arya S (2016). Concentration and
characterization of microalgae proteins from Chlorella

pyrenoidosa. Bioresources and Bioprocessing, 3(1), 1.

[50] Taraldsvik M, Myklestad S (2000). The effect of pH on growth rate,
biochemical composition and extracellular carbohydrate production of the
marine diatom Skeletonema costatum. European Journal of Phycology, 35(2),
189-194.

[51] Touloupakis E, Cicchi. B, Margarita A, Benavides S, Torzillo G (2016). Effect
of high pH on growth of Synechocystis sp. PCC 6803 cultures and their
contamination by golden algae (Poterioochromonas sp.). Applied microbiology
and biotechnology, 100(3), 1333-134.



Productivity of Biomass and Some Metabolites of Anabaena Oryzae . . . 21

A gia il 9 ) 3 590 Lli) sl dpuda ) S pal) lamy 9 4y gpad) ALISY Ay
"algaY) gk cad
Jaae dabual ¥ g teaa e ABIAHFHF (JUR (6] 5 ) Jaaa¥ ¥ (g ) 5d daa) dhaas®
gy e
71516 L gusf drals —p glel) LulS - o ol g g sSsall g Closil) auid
71524 4 j¥) daals - plel] LS - o ol g1 g pSual] g Closil) i

ALY alil e Gonsonell sl DS iy (oalall dea ) el ) siunsdll
L) adadal ¢l o o Sl daie) (aleal¥) ccalin g ) cchlandll (i) sl
A g gill 51 39 5 5)

i B e il %) v+ G cmoodil) S i sl o S il el
Latar el g gill 5 1 3y 51 Linli¥) ol A ialaa W) g g g ull 5 4 o) A
Aoady Clawnll) Aaali) 8 3 gale 3ab ) ) ool %) ¢ v Ay cpag gl al
Giaaagl WS il e clivgilly |30 Wiyl ladal 046AY 5 00¢ . A
Clallly &y gall AN Aalss) (B el ) ol bl pali ol gl
Ot A EY OpTT ity ) 3 o) L) Cladal ol jaun 0 KU g AuineY) (alaal
st g8l Cpe AR By B gt gl Qlada g Wl gl Je 04Y . 50404 ¥
sl Aldlaa ool My 9pY0 Ay landll Aalli) 8 4 giea 3305 ) o
LS pall Apalits) L a2 50 el 2y ) IS e Adlie <) 38 55 ) 3 ) o) LinaY)
a3 W ol e 0¥ () asageal) 258 5853 5y Ll SH ddlls A
Of L gl Conzagly @ g gil) aladal 95V YY Ll g0 KU )
Os 3855 v dgu gl 155 L) el 4 gal) ALK Gl Jund
ladl diaeY) Galead Lalif bl Gl Jaagls ( il o A 5V Gon s el
OB LA Aali ey A Ginsovuell Ol S8 e 52! L) 5 o g il
il e s KU Lals) e (o) Leaiy Y Ae il f Lpcaalal) g L)
A i il ) 35l LindsY)



