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Background

Cyanobacteria are very old phylogenetic group of prokaryotic phototrophic
microorganisms. With repeated quick adaptations to different environmental
circumstances in different ecosystems, their presence in the biosphere from the
early Precambrian and extensive diversity up to the present witness to with their
amagzing and continuous physiologically and environmentally important life strategies.
Polysaccharides have recently attracted a lot of attention their efficiency in various
biological activities, including immunomodulatory, antibacterial, anticoagulant,
antimutagenic, radioprotective, anti-oxidative, and anticancer. So, this research
demonstrates the role of algal polysaccharides, produced under abiotic stress
condition, in some of these biological activities.

Objective

The aim of this study was selected Nostoc muscorum and Arthrospira platensis as
cyanobacteria species for studying the effect of some abiotic stress conditions (light
intensity & sulfate concentrations and aeration rate) on polysaccharide production
(intracellular and extracellular). Evaluate the ability of the different algal extracts as
anticoagulants and antibacterial.

Materials and methods

N. muscorum was cultivated on BG-11y medium and A. platensis was cultivated on
Zarrouk medium. Algal species were grown and incubated in controlled photoperiod
of, 16-8 I/D cycles, light intensity of 40 uE/m? /s and temperature at 25°C+2°C with
continuous aeration supplied with air (60 bubbles/min.). Cultivation of algae under
abiotic stress conditions and the growth rate of both investigated species was
determined by optical density and dry cell weight. Extraction of polysaccharides by
different methods and determination of total hydrolysable carbohydrates.
Determination of sulfate contents. Protein molecular weight determination in
algal species were determined by SDS-page. Determination of bacterial activity
of different algal extracts, was tested in vitro against G* and G™ bacterial strains
using the filter paper disk diffusion method, The Gram-positive bacterial strains,
Staphylococcus aureus and the gram-negative strains, Pseudomonas aeruginosa,
Also the anticoagulating activity of promising algal extracts was investigated using
the method of US pharmacopeia.

Results and conclusion

There was positive correlation between light intensity, MgSO, concentrations and
aeration, on algal growth and polysaccharide production. Ethanol was found to be
highly efficient for polysaccharide extraction. Intracellular polysaccharide content
was higher than extracellularly released one in both the studied cyanobacteria
species. Intracellular polysaccharides of A. platensis exhibited antibacterial activity
higher than those of N. muscorum. Anticoagulation efficiency of sulfated
polysaccharides in both investigated stressed cyanobacteria species was highly
pronounced (>30 min). Chemically active groups showed by FT-IR of the produced
polysaccharides under stressed conditions are variable depending on both the type
of stress and the method of extraction.
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Introduction

The prokaryotic phototrophic microorganisms known
as cyanobacteria are a very ancient evolutionary group.
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Precambrian and great diversity today bear testament
to their astonishing and continual physiologically and
environmentally significant life strategies, which they

repeatedly and quickly adapted to in many habitats [1].

Cyanobacteria are Gram-negative bacteria with a great
evolutionary history, they are the only prokaryotes that
can do oxygenic photosynthesis similarly to how plants
do. Cyanobacteria are attractive platforms for carbon-
neutral industrial processes and have several advantages
as biotechnological hosts, including straightforward
growth needs and genetic manipulation [2].

Because of their rapid growth, diversity, and easy
genetic manipulation to create cell factories,
cyanobacteria are utilized as a promising alternative
to bioactive chemicals [3]. Because they are also quite
efficient against both gram-positive and gram-negative
bacteria, new medications are still mostly required to
combat bacterial infections [4].

Polysaccharides, are renewable resources and an
important class of polymeric materials with
biotechnological relevance, are a significant source of
bioactive chemicals in algae. They offer a wide range of
goods that are beneficial to people. Exopolysaccharides
(EPSs) of microbial origin, with their unique
usefulness, repeatable physicochemical characteristics,
steady price, and supply, have replaced polysaccharides

of algal origin as a better alternative [5].

Polysaccharides have recently attracted a lot of
attention for their efficiency in various biological
activities, including immunomodulatory,
antibacterial, anticoagulant, antimutagenic,
radioprotective, anti-oxidative, and anticancer, so
this research demonstrates the role of algal
polysaccharides, produced wunder abiotic stress
condition, in some of these biological activities.

Materials and methods

Algal species

Cyanobacteria (V.  muscorum, A. platensis) were
obtained and identified according to [6-8]. .
muscorum was cultivated on BG-11y [9]. medium
and 4. platensis was cultivated on Zarrouk medium
[10]. Algal species were grown and incubated under
controlled photoperiod of 16-8 I/D cycles, light
intensity of 40 pE/m?%/s and temperature at 25°C
+2°C with continuous aeration supplied with air (60
bubbles/min.) passed through a bacterial filter
(0.22 pm) for 35 days to record the algal growth curve.

Cultivation of algae under abiotic stress condition
Using different light intensity (as a physical factor)

The effects of various light intensities on the
components and  structures of  extracellular
polysaccharides (EPS) were carried out on the
cyanobacteria according to Ge er al[11].

Using different MgSO, salt (as a chemical factor)

Increase or decrease of sulfur (MgSOy salt) in the
content of the culture media was used for each algal
species due to the importance of sulfur as one of the
most essential macronutrients used for growth, survival
of algae and included in the synthesis of biomolecules

[12-14].

Aeration effect
The effect of aeration rates (or no aeration) has been
studied to increase the production of extracellular

polysaccharides (EPS) [15,16].

Determination of algal growth rates

Algal growth rate by optical density

The growth was determined via optical density
550nm (O.D 550) for
cyanobacteria, and biomass concentration (3 ml) was
determined based on the individual calibration growth

curve of optical density as described by [17].

measurement at

Determination of algal growth rate by dry cell weight

The dry weight was measured gravimetrically, where
20 ml of algal suspensions were filtered through a pre-
dried and pre-weighed glass microfiber filter paper
(GFC, Whatman) and washed with distilled water.
The filter with algal pellets was dried at 105°C for 24 h,
cooled to room temperature in a desiccator, and then

the dry weight was measured [18].

Extraction of polysaccharides by different methods
Sodium hydroxide extraction method

Polysaccharides from each algal species were obtained
using the method developed by [19]. Cyanobacterial
colonies were refluxed in a NaOH solution (0.1 M) for
5h at 90°C using a magnetic stirrer. The suspension
was precipitated with 2-propanol, and the
polysaccharide was dried at room temperature. The
precipitate was washed three times by successive steps
of solution and precipitation in 2-propanol. Finally, the
precipitate was dried in an oven at 50°C for 48 h.

Ethanol extraction method

During the growth, 100 ml of the tested algal cultures
were pipetted out and centrifuged at 3000 rpm for
10 min The filtrate was used to estimate extracellular
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polysaccharides (EPS) and the pellets were dried and
then used to estimate intracellular polysaccharides as
described by [20]. Intracellular polysaccharide (IPS)
was extracted by homogenizing the dried pellets in
distilled water (50 ml). The homogenates were then
heated in the water bath at 95°C for 6 h. The extracts
were filtrated through Whatman No.2 filter paper,
then precipitated with four volumes of 95% ethanol,
stirred vigorously, and left overnight at 4°C. The
precipitated IPS was recovered by centrifugation at
10.000rpm for 15min and the supernatant was
discarded. As well as shown in the schematic
drawing below (Fig. 1) which illustrates the
extracellular ~and  intracellular  polysaccharides
extracted from 4. platensis & N. muscorum in
different abiotic stress conditions.

Hot water extraction method

Algal pellets were boiled in water for 3-4h then the
mixture was cooled, followed by centrifugation
(4300rpm,  20min). The
concentrated to 1/5 of the
Subsequently, five times the volume of 95% ethanol
was added to the concentrated solution. The ethanol
mixture was placed in a freezer overnight, followed by
centrifuging (4300 rpm, for 10 min The precipitate was
washed with ethanol 3 times till the supernatant was
clear and colourless, the precipitate was filtered, and

then dried [21-23].

supernatant  was
original ~volume.

Determination of total hydrolysable carbohydrates
Total hydrolysable carbohydrates
spectrophotometrically determined using 5% phenol/

‘were

Determination of sulfate contents
Sulfate contents in algal species were determined by
turbidimetric method using gelatin-barium reagent

according to APHA method [25].

Antibacterial activity

Bacterial culture media

The composition of Luria-Bertani medium (L.B.)
[26].

The medium was solidified by adding peptone 5 g/L,
yeast extract 5g/L and sodium chloride 5g/L were
mixed and complete it to 1 litre with distilled water,
adjust pH to 7.1 with 1M NaOH or HCL. 15.0 g per
litre of bacteriological agar, and then autoclaved at
1.5 atm. for 20 min.

Bacterial culture

For determination of bacterial activity of different algal
extracts, it was tested in vitro against G* and G~
bacterial strains using the filter paper disk diffusion
method [27]. The Gram-positive bacterial strains,
Staphylococcus aureus (ATCC: 6538) and the gram-
negative strains, Pseudomonas aeruginosa (MTCC:
7925) were cultured using LB. nutrient agar medium
and incubated at 37°C for 24 h. The extracts were
tested at a concentration of 1000 ppm against both
bacterial strains. The sterilized solid agar contained
media was poured into the sterilized petri dishes (20-
25ml, in each petri dish) and allowed to solidify at
room temperature. Microbial suspension was prepared
in sterilized saline equivalent to McFarland 0.5

standard solution (1.5x10° CFU /ml) and its

sulfuric acid reagent [24]. turbidity was adjusted to OD=0.13 using
Figure 1
" Arthospira ™~ — T~
. p ‘ Nostoc
~ (Spirulina) N)
/" Extracellular ‘ff) " Intracellular Extracellular N (J_j:\‘«/ Intracellular
S.E.C S.I.C N.E.C N.I.C
S.E.L.L S.LL.L NELL N.LL.L
S.E.L.H S.LLH NELH N.LLH
S.ES.L S.ILS.L NESL N.LS.L
S.E.S.H S.I.S.H N.E.S.H N.LS.H
S.E.No.A S.L.No.A N.E.No.A N.I.No.A
C = Control, L= Light intensity, S = Sulfur Conc ., L = Low , H = High, No.A = No Aeation .

The schematic drawing of Extracellular and Intracellular polysaccharides from Nostoc muscorum, Arthrospira platensis in different abiotic stress

conditions.
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spectrophotometer at 600nm. Optimally, within
15 min after adjusting the turbidity of the inoculum
suspension, a sterile swab was dipped into the adjusted
suspension and was flooded on the dried agar surface
then allowed to dry for 15 min with the lid in place.
The disk was saturated by 100 pLL of the extract and
then placed on the solidified media. The plates were
incubated at 37°C for 24h in case of antibacterial
activity.

Anticoagulant activity
The anticoagulating activity of promising algal extracts
was investigated using the method of US pharmacopeia

[28] as follows:

Preparation of plasma: blood was collected directly
from chicken into a vessel containing 8% of sodium
citrate solution in the proportion of 1:19 volumes of
blood. The mixture was immediately agitated, by
gentle inversion, centrifuged, and the separated
canary yellow plasma was pooled.

For each tube 0.8ml extract solution (1000 ppm),
0.8 ml of standard heparin sodium solution or 0.8 ml
saline solution was added. Then, 1ml plasma and
0.2ml of calcium chloride solution (1%) were added
to each tube. The tubes were stopped immediately and
were recorded, and inverting three times in such a way
mixed the contents that the entire inner surface of the
tube was wet. The time required for clotting was
determined.

FTIR analysis

Using Perkin Elmer 1430 infrared spectrophotometer,
the molecular structure of the separated bioactive
compound was partially identified through the

presence of chemically active groups (functional

groups).

The samples were dried and mixed with KBr (1:20;
0.02 g of sample with KBr at a final weight of 0.4g).
Infrared spectra were obtained using a Fourier
transform infrared spectrometer Perkin Elmer FT-
IR spectra (system, 2000) USA. The spectra were
collected within a scanning range of 400-4000/cm.

Protein determination

Protein molecular weight determination in algal
species was determined by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis  (SDS-page)
method according to Laemmli [29].

Statistical analysis

Data are represented by the mean+SD of three
replicates. Statistical analysis is carried out using one
way ANOVA coupled with CO-state computer
program and the means were compared using the
least significant difference (LSD) test at the 0.05
level and were determined according to Snedecor

and Cochran [30].

Results and discussion

Determination of algal growth rates

The obtained results in (Fig. 2a) recorded the growth
rate of the studied algal species; N. muscorum & A.
platensis [as optical density (at 550 mm)]. cultivated at
40 pE/m?/s and 25°C+2(control).Maximum growth of
both cyanobacteria species was reached at day 25 of
cultivation then the growth declined, but V. muscorum
showed a higher growth rate (+0.7) than that of
A. platensis (+0.6).Aeration induced a similar gradual

Figure 2
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a Growth curve of Nostoc muscorum & Arthrospira platensis (optical density) cultivated during 30 days at 40 uE/m?/s at 25°C+2. b Growth curve
of Nostoc muscorum & Arthrospira platensis (dry weight) cultivated during 30 days at 40 pE/m?/s at 25°C+2.
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increase in growth of both cyanobacterial species till
day 15 of cultivation, then the growth continues its
increase in V. muscorum than A. platensis till maximum
growth was reached at day 25 for both species as clearly

shown in the dry weight of both species recorded in
(Fig. 2b) [16 g/1, 14 g/l, respectively].

Figure 3a illustrated the effect of low light intensity
(20 uE/m®/s) on the growth rate of the investigated
cyanobacteria species which grow slowly during the
first 10 days of cultivation (even similarly). then V.
muscorum grow faster for the next 5 days and
gradually reached the maximum growth at day 25
of cultivation (£0.55).On the contrary, 4. platensis
grow slowly during the first 15 days of cultivation
(less than these of Nostoc), then sharp increase in
growth was recorded in the next 5 days (at day 20 of
growth) and steadily increased reaching maximum
growth (+0.7) at day 25 then the decline was recorded
in (Fig. 3a).

Figure 3b recorded the growth rate of N. muscorum &
A. platensis as dry weight. During the 15 days of

growth, both species grow slowly and similarly under
low light intensity (20 pE/ m?/s).

After which both cyanobacteria species grow slightly
different, A. platensis grow gradually faster till it
reached maximum growth (dry weight) at day 25
then growth sharply declined.

On the other hand, Nostoc continue to grow stepwise
till day 20 of cultivation, then a sharp increase in dry
weight was recorded during the next 5 days (day 25 of
cultivation), reaching maximum dry weight then
growth suddenly declined. During the first 10 days
of cultivation under high light intensity both .
muscorum & A. platensis grew similarly and slowly,
then with the beginning of day 15 a sharp increase
in growth of cyanobacterial species was recorded. V.
muscorum growth exceeded that of A. platensis (0.7,
+0.55) respectively reaching maximum growth at day
25 then growth declined.

Growth of both cyanobacteria species (Arzhrospira &
Nostoc) showed a gradual and continued increase in dry

Figure 3
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of Nostoc muscorum & Arthrospira platensis (dry weight) cultivated during 30 days at 20 yE/m?/s at 25°C+2.
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weight from day 5 to day 25 of cultivation where
maximum growth was reached. During the last 5
days (from day 20 to day 25 of cultivation), M.
muscorum grows a little faster than A. platensis as
shown in (Fig. 4b). At low MgSO, conc. both
cyanobacteria species grow similarly and slowly till
10 ™ day of cultivation, after which they behaved
extremely differently. 4. platensis continued its slow
growth till 15™ day then an enhancement of growth
occurred till its maximum at day 25 of growth then

declined (+0.4).

N. muscorum on the contrary, sudden, and sharp
increase in growth observed from day 10 to day 15
of growth, with little decrease to day 20 then slowly
increased and reaches maximum growth at day 25 of
cultivation (0.7).as recorded in (Fig. 5a).

Under MgSO, low conc. and moderate light intensity
(40 pE/m?/s), both cyanobacterial ~species grow

Figure 5
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maximum dry weight was recorded. A slight decrease
in growth from day 20 to day 25 has occurred followed
by sharp decline in growth.

N. muscorum showed a steady and gradual increase in
growth from the beginning of experiment till day 20 of
cultivation, then slowly growth declined.

It seems that A. platensis prefer and benefit from the
high MgSO, concentration and the moderate light
intensity (40 pE/m?/s) which enable the alga to grow at
a faster rate than Nostoc did (Fig. 6b).

In the absence of aeration, A. platensis showed a slow
and slight increase in growth during the first 10 days of
cultivation than that of Nostoc from day 10 to day 25,
Arthrospira continued to grow regularly and significantly
greater than Noszoc as shown in (Fig. 7a) [+0.5 & +0.45
tor Arthrospira & Nostoc] respectively.

Under moderate light intensity (40 pE/m?/s),
Arthrospira grow slightly faster than Nostoc during
the first 15 days of cultivation with a gradual
increase during the next 5 days, reached maximum
growth at day 20 and gradually growth declined till the
end of the experiment (day 30).

N. muscorum showed a slower growth rate than, 4.
platensis especially during the period from day 20 of
cultivation and reached maximum dry weight at day 20
exactly as Arthrospira then growth gradually and
steadily declined.

These observations agreed with the previously

published results by [31]. who mentioned that

Figure 7

throughout all growth phases and under various
growth conditions, the RPS produced by Cyanospira
capsulata  displayed a consistent monosaccharide
composition. In fact, it was shown that samples of
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growing circumstances of A. platensis, increased light
intensity increases biomass output [37,38].

Throughout all growth phases of batch cultures, this
cyanobacterium maintained the same capsule thickness
and displayed a nearly consistent specific rate of
polysaccharide release (expressed as mg of RPS/mg
of protein/day), with mature akinetes being the only
cells entirely empty of capsule [39]. And the stress form
of A. platensis constituted less content of carbohydrate,
free sugars, and polysaccharides than that of vegetative
form and this result agreed with Lee ez a/. [40].

Figure 8

The production of microalgal EPSs mainly depends on
the cultivation conditions for microalgae and varies

depending on the species [41].

Determination of total hydrolysable carbohydrates
(using 3 methods) (sodium hydroxide, boiling water,
and ethanol)

The percentage of total hydrolysable carbohydrate of
different algal polysaccharide extracts by NaOH &
boiling water and ethanol which illustrated in Fig. 8,
showed that the high content of polysaccharide
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were extracted by ethanol than the other two methods,

25

Total hydrolysable carbohydrate (%)

uNaOH

= Boiling water

= Ethanol

9
hed

20

15

10

’ Xy 4, 4, <, K
Y, e, 2, 24 ‘e

Algal polysaccharide extracts

1,
‘o

]
it

Total hydrolysable carbohydrate (%) of different algal polysaccharide extracts by. NaOH, boiling water and ethanol.

Figure 9

25 4

20 -

15 -

10

Total hydrolysable carbohydrate (%)

P
h -O ",
{'{

0

e g %,

Total hydrolysable carbohydrate (%) of Nostoc muscorum Extracellular polysaccharides extracted by ethanol.




524 Egyptian Pharmaceutical Journal, Vol. 22 No. 3, July-September 2023

so we used ethanol as a promising method for
extraction.

When compared to acidic or alkaline extraction
procedures, the neutral water extraction method
often has a lower production yield but can preserve
the native structure and chemical composition. In
contrast, the biological activity of the produced
sulfated polysaccharides (SPs) may be negatively
impacted by unintended degradation, as was
illustrated by the high efficiency of the acidic and
alkaline extraction procedures [42,43].

Figure 10
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high light intensity (80 pE/m®/s) and high MgSO, Table 1 Sulfate concentrations (mg/L) in different algal
concentration were 7% and 8% in extracellular and 21%  species
and 17% in Intracellular polysaccharides, respectively). ~ Nostoc muscorum SO, Nostoc muscorum SO, 2
Extra- cellular (mg/L) Intra- cellular (mg/L)
These observations agreed with the previously = NEC 76.53 N.IL.C 13223
published results by [44,45] who mentioned that the NELL 78.09 N.ILL 134.43
concentration of nutrients and the intensity of light had NELH 29.56 NLLH 146.15
bio i t Mi 4iss abili t d EPS N.E.S.L 13.67 N.LLS.L 102.01
a big impact on Microcystis's a 1.1ty o produce >, NESH 15.62 N.LSH 123.91
which is a big influence in ho.w sticky the cell surface is N.E.No.A 18.55 N.LNo.A 118.87
and how much cell aggregation occurs. Arthrospira platensis SO, 2  Arthrospira platensis SO,
Extracellular (mg/L) Intracellular (mg/L)
Larger amounts of polysaccharide were released by the SEC 66.87 S..C 53.62
cyanobacterium, nearly equivalent to the amount of the SELL 73.54 SiLL 56.13
. . . S.E.LH 58.96 S.I.LH 30.37
organic molecule provided in terms of carbon balance.
e fot £ el of ) SESL 17.79 S.IS.L 35.14
t is important to note that the possibi ity o increasing SESH 58.57 SISH 66.14
the amount of polysaccharide released without SENoA 13.02 SINoA 44.90

affecting growth, as it happens in Cyanospira
Capsulate cultures conducted with the addition of
glyoxylate, is very promising due to the actual
improvement of the final yield of the polymer
achieved in this way [31] Also, the extraction
method has a significant effect on the extraction

yields of microalgal polysaccharides [46].

Determination of sulfate contents

As shown in (Table 1), the total sulfate contents of
polysaccharide crude extracts from V. muscorum and A.
platensis cultivated under different abiotic stress
conditions ranged from 13.02 to 146.15mg/l.
Among both algal species. N. muscorum had much
high sulfate content when compared with A.
platensis.  N.IL.H recorded the highest sulfate
content followed by N.ILL.L and N.I.C by 146.15,

134.43 and 132.23 mg/1 respectively. However the
lowest sulfate content was observed with N.E.S.L
followed by N.E.S.H and N.E.No.A by (13.67,
15.62 and 18.55mg/l, respectively). These results
may be because of species type and the cultivation
condition on sulfate content in treated algal biomass.

These results agreed with the results reported by
Rajasekar ez al. [47].

Biological activities
Antibacterial activity
Table 2 showed that released
polysaccharides  of V. exhibited

antibacterial activity against Pseudomonas aeruginosa

extracellularly
MUscorum

in the case of only control & high MgSO,4 conc.,
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Table 2 Antibacterial activity of Nostoc muscorum Extra &
Intracellular polysaccharides against Pseudomonas
aeruginosa (G°) & Staphylococcus aureus (G*)

Table 3 Antibacterial activity of Arthrospira platensis Extra &
Intracellular polysaccharides against Pseudomonas
aeruginosa (G°) & Staphylococcus aureus (G*)

Nostoc Pseudomonas Staphylococcus Arthrospira Pseudomonas Staphylococcus
muscorum aeruginosa aureus platensis aeruginosa aureus
N.E.C + - SE.C - -
N.E.L.L - - S.E.LL - -
N.E.LH - - S.E.LH - +
N.E.S.L - + S.ES.L + -
N.E.S.H + + S.E.SH - -
N.E.No.A - - S.E.No.A + -
N.I.C + - S.I.C + +
N.I.L.L - S.I.L.L + +
N.I.L.H + + S.I.LH - +
N.I.S.L - - S.I.S.L - -
N.I.S.H - - S.I.S.H + +
N.I.No.A - - S.I.No.A + -

while the internally retained polysaccharides showed
antibacterial activity with control &high light intensity.

In the case of Staphylococcus aureus, the extracellular
polysaccharides contained extract produced under low
& high MgSO, conc. while only the internally
produced polysaccharides at high light intensity
exhibit antibacterial activity.

Table 3 illustrated that under low MgSOy conc. 4.
platensis  released  polysaccharides that
antibacterial ~activity against only Pseudomonas
aeruginosa. Also, the non-aerated culture showed
similar results. While in the case of high light
intensity the produced released polysaccharides
showed antibacterial activity against Szaphylococcus
aureus. The internally released polysaccharides in the
non-aerated culture, the control, high MgSQO,, and low
light cultured alga, showed all antibacterial activity
against Pseudomonas aeruginosa. While Staphylococcus
showed antibacterial activity only with
extracellular polysaccharides produced under high
light intensity and the intracellularly retained
polysaccharides produced in the control, under low
& high light intensities as well as under high
MgSOy content.

showed

aureus

These results were confirmed by those obtained by
Sethubathi and Prabu [48]. who screened Oscillatoria
sp., Phormidium sp., and Lyngbya majuscule aqueous
algal extracts which showed antibacterial efficacy
against both Gram-positive and Gram-negative
microbes. On the other hand, Arokiarajan ez al. [49]
found that the fresh water algal extracts had the best
antibacterial efficiency against microbial agents. While
the marine algae were exclusively effective against §.
aureus. Also, all SPs have a high potential and a variety

of therapeutic uses, including those for regenerative
medicine, drug delivery, tissue engineering, anticancer,
immunomodulatory,  vaccine  adjuvant,  anti-
inflammatory, anticoagulant, antiviral, antiprotozoal,

and antimicrobial therapy [50].

Gullén, ef al. [51] showed that the sulfate group from
SP molecules was primarily responsible for some of
these  biological Additionally, some
investigations have shown that cationic proteins
could interact with sulfate groups from SPs, N.
muscorum and A. platensis behaved differently under
investigated  stress, producing different active
polysaccharide which exhibited (or not) antibacterial
activity against the selected gram-positive and gram-
negative bacterial strains. (Table 1 and Figs. 9-12)

actions.

Anticoagulant activity

The data in (Table 4) show that V. muscorum cultured
under high light intensity (80 pE/m?/s) and low
MgSOy4 conc. produce & release extracellularly
polysaccharides that exhibited anticoagulant activity
within 7.34 and 6.29 min respectively while under
other culture conditions (low light intensity & high
MgSOy, conc.) as well as the Intracellularly produced
polysaccharides under all tested culture conditions,
were comparably either different or present in lower
conc. which showed activity after longer time>30 min

(compared to those externally released under high light
and low MgSO, conc.).

The results, as seen in Table 4, indicated that A.
platensis cultured at high light intensity (80 pE/m?/s)
and low MgSO, concentration released extracellular
polysaccharides that showed anticoagulant activity at
6.35 and 6.33 min respectively.
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While at low light intensity, high MgSO, conc., no
aeration, the anticoagulant substance(s) showed

activity after a longer time>30 min

Similarly, 4. platensis intracellular extract at all culture
conditions (low & high light intensity, low &high
MgSOy, conc. and absence of aeration) the internally

Table 4 Anticoagulant activity of Extra & Intra-cellular
polysaccharides from Nostoc muscorum & Arthrospira
platensis

Nostoc Time Arthrospira Time

Treatments (min.) Treatments (min.)

N.E.C >30 min S.E.C 7.30 min
N.E.L.L >30 min SELL >30 min
N.E.L.H 7.34 min S.E.LH 6.35 min
N.E.S.L 6.29 min SEESL 6.33 min
N.E.S.H >30 min S.E.SH >30 min
N.E.No.A >30 min S.E.No.A >30 min
N.I.C >30 min S.I.C >30 min
N.l.L.L >30 min S.I.L.L >30 min
N.I.L.H >30 min S..L.H >30 min
N.L.S.L >30 min S.I.S.L >30 min
N.I.S.H >30 min S..SH >30 min
N.l.No.A >30 min S.I.No.A >30 min

Saline was used as negative control=6.13 min; Heparin was used
as positive control.

Figure 13

produced polysaccharides that showed anticoagulant
activity is greater in quantity than those released
extracellularly, so it showed the activity after longer
time > 30 min

These observations agreed with the previously
published results by [52] Who showed that great
anticoagulating efficiency wusing polysaccharides
(expressed by clotting time assay) compared with
that of the standard anticoagulant heparin (sulfate
glucouronic acid).

However, Bjork and Lindahl [53] found that a lot of
sulfated polysaccharides have been shown to have an
anticoagulant action, which prolongs the time that
plasma coagulates. But only a tenuous correlation
exists between these chemicals’ antithrombotic
characteristics and their anticoagulant activity.

On the other hand, [54] found that the sulfated fucans
and sulfated galactans from invertebrates, the
anticoagulant activity is not just a function of their
charge density and sulfate content. The interaction of
these polysaccharides with coagulation cofactors and
their target proteases requires stereospecific structural
requirements.
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FT-IR spectra of polysaccharides extracted from Nostoc muscorum & Arthrospira platensis using boiling water.
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These results were confirmed by those obtained by [55]
who mentioned that the sulfated polysaccharide
extracted from Chlorella sorokiniana, and Chlorella sp.
showed anticoagulant properties, the combination of
several elements, including sulfate concentration and
their binding site, monosaccharide residue, and glycoside
bond which are involved in the polysaccharide’s bioactivity,
could explain the dual anticoagulant and antioxidant
properties in Chlorella sorokiniana.

FT-IR analysis

FT-IR measurements were carried out to identify the
promising biomolecules in A. platensis and N. muscorum
cultivated under different treatments in addition to

polysaccharides three different
solvents as mentioned in the method section. And

extracted using

for example, FT-IR spectra of polysaccharides
extracted from N. muscorum & A. platensis using
boiling water as shown in Fig. 13.

The FT-IR spectra of polysaccharides extracted using
sodium hydroxide, boiling water and ethanol were
recorded in (Table 5); Moreover, the FT-IR spectra
of intra and extra polysaccharides extracted from V.
muscorum under different conditions were illustrated in
(Table 6) revealed the wavenumber results of Intra, and
Extra polysaccharides extracted from A. platensis under
different conditions.

Table 5 Wavenumbers range of characteristic bands and corresponding assignments for polysaccharides extracted using

sodium hydroxide, boiling water, and ethanol

Sample extracted using sodium hydroxide

Wavenumber range (cm™") Function groups assigned SIC NIC S.E.C NE.C S.INo.A N.ILNo.A
3400-3800 N-H ND ND 3877 ND 3752 3756
3300-3650 Polymeric hydroxyl compound O-H stretching 3465 3464 3469 3468 3468 3446
2850-3020 C-H stretching vibrations specific to CHz and CH, 2936 ND ND ND ND 2930
2100-2270 Triple bond ND ND ND ND ND ND
1640-1680 Cc=C ND ND ND ND ND ND
1700-1630 C=0 stretching vibration, C-N stretching, Lipids, 1682 1683 1693 1696 1685 1651
Ester carbonyl — COOR and carboxylate ion
stretching (-COO-)- (CHO)
1150-1000 Stretching vibrations C-O of mono, oligo, and 1055 1066 1103 1069 1028 1033
carbohydrates, pyranoid ring
690-400 Halo compounds (lodo and bromo) 603 604 605 601 599 605

Sample extracted using boiling water.

Wavenumber range (cm™) Function groups assigned SIC NIC S.E.C NE.C S.No.A N.LNo.A
3400-3800 N-H 3854 ND ND ND 3712 3676
3300-3650 Polymeric hydroxyl compound O-H stretching 3423 3404 3466 3455 3447 3431
2850-3020 C-H stretching vibrations specific to CHz and CH, 2931 2926 3049 ND 2929 2927
2100-2270 Triple bond ND ND ND ND ND ND
1640-1680 C=C ND ND ND ND ND ND
1700-1630 C=0 stretching vibration, C-N stretching, Lipids, 1630 1655 1686 1637 1654 1654
Ester carbonyl — COOR and carboxylate ion
stretching (-COO-)- (CHO)
1150-1000 Stretching vibrations C-O of mono, oligo, and 1077 1043 1112 ND 1046 1076
carbohydrates, pyranoid ring
690-400 Halo compounds (lodo and bromo) 451 606 617 586 459 568
Sample extracted using ethanol
Wavenumber range (cm™) Function groups assigned SIC NIC S.E.C NE.C S.No.A N.LNo.A
3400-3800 N-H ND 3855 3878 ND ND ND
3300-3650 Polymeric hydroxyl compound O-H stretching 3441 3473 3463 3449 3461 3473
2850-3020 C-H stretching vibrations specific to CHz and CH, ND ND ND ND 2933 ND
2100-2270 Triple bond ND ND ND ND ND ND
1640-1680 Cc=C ND ND ND ND ND ND
1700-1630 C=0 stretching vibration, C-N stretching, Lipids, 1635 1637 1698 1637 1654 1635
Ester carbonyl — COOR and carboxylate ion
stretching (-COO-)- (CHO)
1150-1000 Stretching vibrations C-O of mono, oligo, and ND ND 1033 ND 1082 ND
carbohydrates, pyranoid ring
690-400 Halo compounds (lodo and bromo) 500 573 651 498 607 526

ND: Not detected.
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Table 6 Wavenumbers range of characteristic bands and corresponding assignments for Intra and Extracellular polysaccharides

extracted from Nostoc muscorum under different conditions

Intra polysaccharides extracted from

Extra polysaccharides extracted from

Nostoc Nostoc
Wavenumber Function groups assigned N.. N NI NIL NI NI NE. NE. NE. NE. NE NE
range (cm™') C LL LH SL SH NoA C LL LH SL SH NoA
3400-3800 N-H 3855 3855 3745 ND ND ND ND ND ND ND ND ND
3300-3650 Polymeric hydroxyl compound O-H 3442 3455 3449 3509 3441 3472 3452 3448 3450 3450 3453 3448
stretching
2850-3020 C-H stretching vibrations specific ND ND ND ND ND ND ND ND ND ND ND ND
to CH3 and CH,
2100-2270 Triple bond ND ND ND ND ND ND ND ND ND ND ND ND
1640-1680 Cc=C ND ND ND ND ND ND ND ND ND ND ND ND
1700-1630 C=0 stretching vibration, C-N 1637 1637 1637 1637 1637 1635 1637 1638 1635 1636 1635 1639
stretching, Lipids, Ester carbonyl —
COOR and carboxylate ion
stretching (-COO-)- (CHO)
1150-1000 Stretching vibrations C-Oof mono, ND ND ND ND ND ND ND ND ND ND ND ND
oligo, and carbohydrates, pyranoid
ring
690-400 Halo compounds (lodo and bromo) 478 483 472 435 535 578 509 571 491 539 538 530

ND, Not detected

The wavenumber for each treatment when compared
with untreated biomass was recorded in the frequency
range between 4000 and 400 cm™ in the mode of %
transmittance (%7).

The obtained results in (Table 5) revealed that there
were changes in FT-IR peak number and slight shifts
in the FT-IR peaks of wavenumbers range of
characteristic bands and corresponding assignments
for polysaccharides extracted using sodium hydroxide
& boiling water and ethanol. In general, there are 6
peaks that appeared when using boiling water for the
extraction of polysaccharides followed by 5 peaks that
appeared when using sodium hydroxide for the
extraction of polysaccharide then appearing 3 peaks
when using ethanol as a solvent for the extraction of
polysaccharides.

Also the obtained data proved that there were
slight shifts in the FT-IR peaks of wavenumbers
range of characteristic bands and corresponding
assignments between each treatment such as the
wavenumbers specific for Polymeric hydroxyl
compound O-H  stretching after sodium
hydroxide treatment which recorded 3465, 3464,
3469, 3468, 3468 and 3446 cm™', However, the
following wave numbers were recorded when
using boiling water (3423, 3404, 3466, 3455,
3447 and 3431 cm™'), while with ethanol the
following wavenumbers were observed (3441,
3473, 3463, 3449, 3461 and 3473 cm™) for these
treatments (S.I.C, N.I.C, S.E.C, N.E.C, S.I.No.A
and N.I.No.A, respectively).

Furthermore, the current results revealed the absence
of some peaks in different treatments as shown in
(Table 5) such as NH peak of N.I.C and N.E. C
treatment (with sodium hydroxide and boiling water
extraction) and S.I.C and N.E.C treatment (with
ethanol).

The slight shifts and absence of specific wavenumbers
noted in the peaks suggest the effect of different algal
stress conditions in addition to the type of extraction on
the active groups on the extracted polysaccharides

(Table 5).

The data in (Table 6) show that there are changes and
slight shifts for characteristic bands and corresponding
assignments of intra and extra polysaccharides
extracted from N. muscorum under different
conditions, the obtained results found that the
wavenumber for Polymeric hydroxyl compound O-H
stretching as an example changed between the extra
and intra polysaccharide and between the extra or intra
polysaccharides  extracted from different algal
treatments as the following: (3442, 3455, 3449,
3509, 3441 and 3472 cm™) for intra polysaccharides
extracted from N.I.C, N.I.L.L,, N.I.L.H, N.I.S.L,, N.I.
SH and N.INo.A respectively). However, the
following wavenumbers were observed for extra
polysaccharides (3452, 3448, 3450, 3450, 3453 and
3448 cm™). The same trend of results was observed for
bands and corresponding
assignments of intra, and extra polysaccharides
extracted from A. platensis cultivated under different

conditions (Table 7).

the characteristic
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Table 7 Wavenumbers range of characteristic bands and corresponding assignments for Intra and Extra-cellular
polysaccharides extracted from Arthrospira platensis under different conditions

Intra polysaccharides extracted from

Extra polysaccharides extracted from

Arthrospira Arthrospira
Wavenumber Function groups assigned sIC SISl sl Sl Sl SE SE. SE. SE. SE SE
range (cm™) LL LH SL SH NoA C LL LH SL SH NoA
3400-3800 N-H 3855 ND ND 3745 3854 3855 ND ND ND ND ND ND
3300-3650 Polymeric hydroxyl compound O-H 3441 3449 3444 3444 3453 3452 3452 3450 3449 3452 3455 3453
stretching
2850-3020 C-H stretching vibrations specific  ND ND ND ND ND ND ND ND ND ND ND ND
to CH3 and CH,
2100-2270 Triple bond ND ND ND ND ND ND ND ND ND ND ND ND
1640-1680 Cc=C ND ND ND ND ND ND ND ND ND ND ND ND
1700-1630 C=0 stretching vibration, C-N 1637 1637 1637 1636 1637 1639 1639 1635 1638 1636 1636 1637
stretching, Lipids, Ester carbonyl —
COOR and carboxylate ion
stretching (-COO-)- (CHO)
1150-1000 Stretching vibrations C-O of mono, ND ND ND ND ND ND ND ND ND ND ND ND
oligo, and carbohydrates, pyranoid
ring
690-400 Halo compounds (lodo and bromo) 508 515 442 457 500 483 545 523 ND 534 509 547
ND, Not detected.
Several techniques have been wused for the intensive protein bands of molecular weights 129,

polysaccharide structure analysis. There is no doubt
that IR spectroscopy is one of the most widely applied
tools. The low cost, high efficiency and high
accessibility makes it a well-accepted technique for
analysis, quality ~ control  of

polysaccharide. However, it has played a subsidiary

routine and
but not indispensable role in polysaccharide structure
elucidation for a long time. The complexity of IR
spectra and difficulty of precise spectra interpretation
limit the applications [56].

Another published article [57] indicates that IR spectra

of polysaccharides are generally complicated and

difficult to interpret directly. FT-IR spectrum
provides well divided absorption region of
characteristic groups, which can simplify the

interpretation process and provide a useful guide for
carbohydrates identification and the effect of different
stress on algal metabolism, gene expression and
carbohydrates production.

Protein determination

Light and magnesium sulfate conditions not only
affected algal growth, pigment content but also
protein and sulfate production of different stressed
alga (N. muscorum and A. platensis). Analysis of
soluble proteins (by SDS electrophoresis) of M.
muscorum cultivated under different light intensity
and magnesium sulfate salt concentrations (Table 8),
revealed that, two protein bands of high molecular
weights (135 and 100 KDa), were recorded in
untreated alga (control). While four new highly

99, 96 and 91 KDa were recorded in alga cultivated
under different abiotic stress conditions (light
intensity and MgSOy). Moreover, the protein with
100 KDa is present in untreated alga but absent in all
treated cells.

Also, the data in (Table 8) revealed that three and five
protein bands of medium and low molecular weights
respectively were found in untreated alga with (75, 63
and 48 KDa), and (35, 25, 20, 17 and 11 KDa). While
15 new medium intensive protein bands of molecular
weight were recorded in alga cultivated under abiotic
stress conditions in addition to 19 new low intensive
protein bands of molecular weight were recorded in
treated algal cells as shown in (Table 8).

Other obtained results of protein bands of A. platensis
cultivated under light and magnesium sulfate
conditions were recorded in (Table 9), the data
revealed that, two protein bands of high molecular
weights (135 and 100 KDa), were recorded in
untreated alga (control) as found in N. muscorum.
While only one new highly intensive protein band of
molecular weight 128 KDa was recorded in alga
cultivated under light intensity stress conditions.
Moreover, all the protein bands in untreated alga are
absent in all treated cells.

Also, the data in (Table 9) revealed that there is a
similarity in the protein bands and its molecular weight
between N. muscorum and A. platensis as shown in

Tables 8 and 9.



Table 8 Molecular weights for protein extracted from Nostoc muscorum under different conditions

Anticoagulant and antibacterial activities of polysaccharides fraction Abd El Monsef et al. 531

S.N MWt (KDa) Treatments
High molecular weight
1 2 3 4 5 6
N.C N.L.L N.L.H N.S.L N.S.H N.No.A
1 135.00 3.40 - 6.80 7.32 11.47 -
2 129.47 - 6.91 - - - -
3 123.42 - - - - - 8.33
4 100.00 2.54 - - - - -
5 99.61 - - - - 11.79 -
6 96.18 - - 7.26 - - -
7 91.04 - - - 7.82 - -
Medium molecular weight
8 7719 - - - - - 9.20
9 75.00 3.47 - - - - -
10 70.38 - - 8.12 - - -
11 70.38 - - - 8.49 - -
12 69.13 - 4.55 - - - -
13 66.53 - - - - 16.32 -
14 63.00 7.44 - - - - -
15 61.34 - - - 8.81 - -
16 59.59 - - 8.64 - - -
17 59.16 - 6.25 - - - -
18 52.97 - - - - - 10.11
19 48.79 - 6.21 - - - -
20 48.00 9.91 - - - - -
21 47.92 - - - - 7.45 -
22 45.40 - - - - - 10.56
23 44.65 - - - 9.44 - -
24 44.53 - - 11.06 - - -
25 41.86 - 8.70 - - - -
Low molecular weight
26 38.30 - - - - 16.14 -
27 37.89 - - - 9.36 - -
28 36.66 - 7.84 - - - -
29 35.44 - - 14.17 - - -
30 35.00 14.01 - - - - -
31 34.51 - - - - - 11.97
32 33.77 - - - - 17.30 -
33 32.61 - - - 15.65 - -
34 31.97 - - 9.07 - - -
35 30.76 - 22.52 - - - -
36 28.34 - - - - - 16.19
37 27.28 - - 13.01 - - -
38 27.25 - - - - 19.52 -
39 27.13 - - - 19.89 - -
40 26.83 - 6.93 - - - -
41 25.00 16.58 - - - - -
42 21.95 - - - 13.22 - -
43 21.33 - - 21.87 - - -
44 21.19 - 12.70 - - - -
45 20.00 16.88 - - - - -
46 19.40 - - - - - 33.65
47 17.00 17.73 - - - - -
48 14.44 - 17.39 - - - -
49 11.00 8.04 - - - - -
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Table 9 Molecular weights for protein extracted from Arthrospira platensis under different conditions

S.N MWt (KDa) Treatments
High molecular weight
7 8 9 10 11 12
S.C S.LL S.LH S.S.L S.S.H S.No.A
1 135.00 2.84 - - - - -
2 128.42 - - 10.22 - - -
3 100.00 7.36 - - - - -
Medium molecular weight
4 75.62 - - 12.35 - - -
5 75.00 7.46 - - - - -
6 69.78 - 14.30 - - - -
7 63.00 3.46 - - - - -
8 60.53 - - - - - 5.11
9 58.32 - 11.72 - - - -
10 57.77 - - - 8.95 - -
11 51.65 - - 13.88 - - -
12 48.50 - - - - - 9.43
13 48.00 3.84 - - - - -
14 47.57 - - - - 17.93 -
15 4714 - - - 11.69 - -
16 44.32 - 12.72 - - - -
17 43.23 - - 14.29 - - -
18 40.99 - - - 12.02 - -
19 40.80 - - - - - 20.40
Low molecular weight
20 39.36 - - - - 13.77 -
21 35.00 8.28 - - - - -
22 33.49 - - - - - 16.63
23 32.46 - 14.04 - - 15.99 -
24 31.91 - - 15.61 - - -
25 31.89 - - - 11.39 - -
26 28.08 - - - - - 16.63
27 27.91 - - - - 17.35 -
28 27.65 - - - 24.94 - -
29 27.47 - - 33.66 - - -
30 26.96 - 47.21 - - - -
31 25.00 17.99 - - - - -
32 22.80 - - - - 34.97 31.82
33 22.67 - - - 31.01 - -
34 20.00 8.76 - - - - -
35 17.00 21.25 - - - - -
36 11.00 18.75 - - - - -

While 13 new medium intensive protein bands of
molecular weight were recorded in A. platensis
cultivated under abiotic stress condition in addition
to 14 new low intensive protein bands of molecular
weight were recorded in treated algal cells as shown in

Table 9.

The Absence of either new protein bands or an increase
in the intensity of some protein bands in our obtained
results of N. muscorum and A. platensis confirmed the
obtained results concerning the variation in chemical
constituents and biological activities of treated biomass
when compared with control (untreated alga). The

obtained results concerning protein analysis of
stressed algae were comparable to those of Spirulina
maxima cultivated under nitrogen stress condition and
Arthrospira  species cultivated under salt stress
conditions [52] who reported that Arthrospira sp. has
two specific new protein bands of molecular weight 113
and 76 in addition to a highly intensive band at M.wt
103. Higher numbers of new protein bands were
recorded in §. maxima at different nitrogen conc.
and not equivalent to similar bands (of the same
M.wt) produced by A. platensis under salinity stress
conditions. The absence or increase of the band and in
band intensity of different treatments may be due to the
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variation in gene expression of algal cells which led to
changes in metabolic processes and biological activities
of algal extracts as anticoagulant, antimicrobial, and
antioxidant activity.

Conclusion

Cyanobacteria species contain a wide variety of
polysaccharides which exhibited various biological
activities. The obtained results showed a positive
correlation  between light intensity, MgSO4
concentration and aeration, on algal growth and
polysaccharide production. Ethanol was found to be
highly efficient for polysaccharide extraction more than
sodium hydroxide and hot water. Intracellular
polysaccharide ~ content  was  higher  than
extracellularly released one in both the studied
cyanobacteria species. Intracellular polysaccharides of
A. platensis exhibited antibacterial activity higher than
those of N. muscorum. Anticoagulation efficiency of
sulfated polysaccharides in both investigated stressed
cyanobacteria  species highly  pronounced
(>30min). Chemically active groups showed by FT-
IR of the produced polysaccharides under stressed
conditions are variable depending on both the type
of stress and the method of extraction. The extracted
proteins in both cyanobacteria species showed 52 bands
and 38 bands in N. muscorum and A. platensis
respectively of high, medium, and low molecular
weights.
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