BENAHMED DJILALI Adiba, BENAMARA Salem, ZEGGAOUA Nassira, CHAIBI Akila, OUELHADJ Akli, BOUKSAIM Mohamed and BENZARA
Abdelmadjeid, The Macrotheme Review 3(7), SI 2014

The Macrotheme Review
A multidisciplinary journal of global macro trends

METAGENOMIC STUDY FROM THREE SPIRULINA STRAINS:
GEOGRAPHICAL DIVERSITY
BENAHMED DJILALI Adiba*, BENAMARA Salem**, ZEGGAOUA Nassira***, CHAIBI
Akila***, OUELHADJ Akli****, BOUKSAIM Mohamed***** and BENZARA
Abdelmadjeid******.
*Biological and Agronomic Faculty of Science University Mouloud Mammeri of Tizi-Ouzou 15000, Algeria. Research
Laboratory of Food Technology University M’hmed Bougara of Boumerdes 35000, Algeria.
**Laboratory of Soft Technology and Biodiversity University M’hmed Bougara, Boumerdes 35000, Algeria.
***Biologicaland Agro-veterinary Faculty ofScienceUniversity Saâd Dahlab Blida,Algeria.
****Biological and Agronomic Faculty of Science University Mouloud Mammeri of Tizi-Ouzou 15000, Algeria.
*****National Institute of Agronomic Research INRA Folds Back Morocco.
******National Institute of Agronomy (ENSA) El Harrach 16000, Algeria.

Abstract
The aim of this study was the valorization of natural resources to produce Spirulina. For
this work, the genomic description of the contents of three Spirulina strains were carried
out with two strains of comestible Spirulina which produced in synthetic media in
Burkina-Faso and Morocco and the new strains was isolated from Algerian natural
medium using different natural resources. The IR analysis showed that the new strain and
reference Spirulina from Burkina-Faso contain the same functional groupings. Based on
structural and functional similarity, the new strain has changed its morphological
structure and genetic composition. The similarity analysis of genetics parameters of these
strains showed dissimilarity between a new strain and the comestible Spirulina from
Burkina-Faso and Morocco. The analysis of the phylogenetic trees showed that the new
strain is related specifically to the Oscillatoriophycideae family Scenedesmus obliquus
type, which is known as a green alga of fresh water. While, the two strains from Spirulina
from Burkina-Faso and Morocco which are identical were classified among the blue
algae related to the Arthrospira and have the same molecular weight (22.67 KD) that is
equal twice to the molecular weight of the stock (A) (10.21 kD).
Keywords: Spirulina, natural media, culture, metagenomic study

1.

Introduction

Arthrospira which is Spirulina platensis green blue cyanobacteria is largely cultivated in the
world. This species can be developed artificially in laboratory developed media and/or naturally
under lake conditions.
Generally, it adapts to two many biotopes like, sands, fresh water, sea water (Tredeci and al.
1986; Wu and al. 1993; Halland 2006). Particularly, Sp.platensis can grow under alkaline
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conditions pH higher or equal to 11 (Ciferri and Tiboni 1985). This pH caninhibit the
proliferationof other species of cyanobacteria andpathogenic bacteria.
Moreover, it needs great quantities of salt NaCl (2 with water 270g/l) of carbonate and the high
level of bicarbonate brought back by Materassi and al. (1984) and Fox(1999).
Several studies showed the beneficial effects of these cyanobacteria. They are classified in first
rank of the food complements (Hudson and Karis 1974). It is significant to recall that the
therapeutic potential of the Spirulina was already reported (Decree n° 2006/352 in Charpy2008).
These last years, several substances with pharmacological interests resulting from Sp.platensis
are available as therapeutic food (Degbey and al.2006), natural food dyes rich in phycocyanine
(Jaouen and al. 1999; Spolaore and al. 2008), tablet containing powder of dates and Spirulina
(Benahmed Djilali and al. 2011; Benahmed Djilali and al.2013), food of aquacultures(James and
al. 2006; Kim and al. 2006) with 41570 Tones/an (Statistical FAO 2006), biodiesel microalgae
(Chisti 2007) and others caused a detailed attention.
The world production of this microfood increased since 1995 by more than 4000Tones/an
(Statistical CUBIA, 2000). Moreover, Algeria developed Spirulina in the synthetic medium in the
south region of the country, precisely the area of Tamanrasset, but though the Spirulina produced
locally does not meet the needs for the consumers.
Indeed, the production cost of Spirulina using synthetic media is often very high which results in
a selling price out of by the mal nutrition phenomenon.
One of the aims of effective valorization of ecological resource is to produce Spirulina.
Nowadays, few producers manage specifically to perform the Spirulina culture without manure in
Africa.
This work is articulated around the valorization of agricultural waste in order to put on the market
a Bio Spirulina. Obtaining a Bio Spirulina requires a control and a perfect knowledge of the
culture conditions and production of this microalga on a laboratory scale using natural media
with minimum chemicals content, materials and of energy. Because of a lack of structural data on
the cyanobacteria and more particularly Spirulina by developing agricultural waste, we proposed
a step leading to their characterization.
The objectives of this study are:
- Contribution to the development of the Splirulina using natural resources;
- Knowledge of the culture of Spirulina on a laboratory scale on natural media complemented
with a minimum chemicals quantity, materials and of energy;
- Marketing of as ubstance or product with high added value (feed ration rich in proteins and
bioactive substances).
2. Material and methods
2.1. Biological material
Two strains of comestible Spirulina were used in this study. The first one was bought from
France, though originally produced in a synthetic medium in Burkina-Faso (reference Spirulina).
The second is originally from Morocco, produced in synthetic medium too.
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2.2. Culture of Spirulina in the various natural media
2.2.1. Natural media
The culture was put out in the natural medium
. This medium was optimized using different
natural resources like sea water, tap water, powders of sand, poultry and ashes of wood (palm and
fig) by implanting a mixture plan with
(
)(
(
)(
)
) See water / Tap water;
;
powder of
sound ( );
owder of poultry bone ( )
= ashes of palm wood (
)
ashes of
fig wood (
) with the knowledge that this medium is characterized by a salinity (9,5±0,1 g/l)
and pH around (10,418±0,004).
2.2.2. Spirulina Batch culture
Batch culture allows analysis of the effect of the variation of natural resource on yield of growth
and accumulation of specific pigments like phycocianin and several mineral compounds.
In the first time, the adaptation of the Spirulina from Burkina-Faso to the medium
was
carriedout in erlenmeyer’s of capacity 500ml while working under culture optimal conditions as
recommended by several farmers (Fox 1999; Jourdan 2007). Respected temperature
(30±02°C);daily illumination cycles with a maximal incident irradiance value of 4000 Luxes
(Kosaric and al.1974), agitation and ventilation were ensured by an aquarium immersed pump
(standard aquarium BOYU) under an air flow of 2 L/mn. The initial density ratio /culture
)(
). The initial medium density is 0,120.
medium respected is(
And finally, a test of confirmation of culture in the same medium
already optimized using the
same Moroccan natural sources in laboratory of quality control on December 2011, Rabat –
Morocco.It is noticed that 1% of Moroccan argan ashes wood was used as medium supplement.
The objective of this study is to show the effect of the variation of the geographic sites on the
yield of growth of Spirulina
2.3. Evaluation of the culture in the natural medium
Taking away was daily carried out in order to follow the biomass kinetics production. The
biomass was evaluated by measuring the content of phycocyanin at 618 nm using a
spectrophotometer (JASCO V-530). The phycocyanin component was extracted by using
phosphate buffer0,05 M (pH=6,8) according to the methods reported brought back by Oliveira
and al. (2008).
Yield of growth: in this research step, the green biomass was separated after 21 days from the
medium
by centrifugation (6000 tours/mn), then washed with sterile physiological water such
as recommended by Cifferi (1983). Then the biomass was dried with 65°C during a few minutes
at 65°Cusing a drying oven (MEMMERT) to have final moisture from 3 to 7 % according to Fox
(1999).
The morphological structures of the powders of Spirulina from Burkina-Faso and new strain
isolated from the medium
were performed using the electronic microscope MEB (XL 20).
At ends of comparison, the powders of Spirulina from Burkina-Faso and new strain isolated from
the medium
were analyzed using IR spectrophotometer with Fourier transform
(SCHIMATZU–8900). The goals of this analysis are to show the absorption of the various
functional groupings and the bioactive substances presence.
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On another hand, the sensitivity of the three species Pseudomonas aeruginosa, Aspergillus niger
and Staphylococcus aureus versus the phycocyanin extracts (C-PC) of the spirulina from
Burkina-Faso and the new species isolated from the medium
(stock A). To perform the
sensitivity test, 10 µL of each extract were tested by the Mueller-Hinton agar diffusion method as
reported by Rahal (2005). The concentration of each species was 107 UFC/ml, and the test was
carried out in duplicate.
2.4. Identification of the new stock obtained usingthe medium
2.4.1. DNA exraction
The DNA was extracted from various Spirulina stocks using the Gen Elute Bacterial Genomic kit
(Aldrich Sigma, Germany) and was quantified spectrophotometrically. The DNA was eluted with
molecular-grade DNase-RNase water and stored at – 20 oC until further analysis.
2.4.2. PCR reaction
The analysis of 16S rRNA gene was performed with specific primers, forward primer 5’GCTCAAGATTGAACGCTGGCG
and
reverse
primer
5’CGGTTACCTTGTTCGACTTCACC. PCR was carried out in a Thermo Cycler (Qtocycle HDV,
Life Sciences) using Applied Biosystems reagent kit. A reaction with a total volume of 70 µL
was set up by adding 4 µL DNA to 35 µL reagent and appropriate primers at 500 nM
concentrations and topping up with molecular-grade water. Molecular-grade water was used us a
reaction negative control. All samples and blanks were run according to the same procedures, 2
min at 94oC for DNA denaturation, followed by 40 cycles at 94 oCfor 5 s, annealing temperature
for 60 s, and 72 for 10 s for DNA elongation. At the end, 10 µL of PCR products were analysed
in 1% DNA agarose gel and purified using the Exosap enzyme rests.
2.4.3. Sequencing analysis
Nucleotide sequence was determined by the dideoxy chain termination method using the BigDye
Terminator v3.1 Cycler Sequencing Kit (Applied Biosystems), analysed using the Sotware
Sequencing Analysis v5.3.1 (Applied Biosystems), and compared with the DNA using the
BLAST server at NCBI (Altschul et al. 1990).
2.5. Metagenomic study
The goal of this approach is to have not only one genomic description of the contents of the
sample but also an outline of the functional potential related to an environment. Individual
metagenomic study of the three strains Spirulina from Burkina-Faso, Spirulina from Morocco and
the new strain isolated from the medium
was carried out thanks to the software of genomic
annotations and the international data banks (SMS, INTERPROSSCAN, BLAST, EBI, MABL
and NCBI) making it possible to have three dendrogrammes (Phylogenetic trees). The
determination of the protein structure of the three stocks was made thanks to software RASMOL.
2.6. Statistical study
The Spirulina yields of growth obtained using medium
for the Moroccan and Algerian
cultures were statistically treated with de Mann-Whitney test (Siegel, 1956) which allows the
comparison of means of two independent samples. This non-parametric test is applied in the case
of small numbers (<9) according to Siegel (1956). In order to compare the different parameters
that characterize the three sequences of Spirulina from Burkina-Faso, Spirulina from Morocco
and the new strain isolated from the medium
, the similarity matrix was used. Because, similar
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data are reported if the similarity is strictly greater than 95%. Statistical analysis was performed
by XLSTAT Version 7.5.2 software.
3. Results and discussion
3.1. Evaluation of the Spirulina culture from the various natural media
The present study showed that the medium
was evaluated as an optimal medium with a good
dried biomass yield (1,768±0,009g dry weight/100 ml/21 days, n=3) which was slightly higher
when compared to the biomass yield obtained using the same medium
based of the
Moroccan’scomponents (1,208±0,03g dry weight/100 ml/21days, n=3;with pH10,40±0,0013).
It is noticed that, the addition of the ashes of the argan wood to medium
produces a slight
decrease on yields when Algerian wood ashes (1,208 ± 0,013 g dry weight/100 ml/21 days, n = 3)
and Moroccan wood ashes (1,108 ± 0,03gdry weight/100 ml/21 days, n = 3) were used, but are
not significant at a 95% probability (Z = 0,775, ρ = 0,781, α = 0,05).But, this result is significant
when compared to that reported by Materassi and al. (1984). These authors declare that the mean
annual biomass yield obtained using sea water mixed with urea was (7,35 g dry weight/m 2/day)
which was slightly lower value than that observed on the standard sodium bicarbonate medium
and sea water (8,14 g dry weight /m2/day) under controlled pH ranged from 8 to 8,3.
On another hand, reference Spirulina changes its morphology after 21 days of culture in the
Algerian medium
(helicoids structure of the trichome) (Fig 1(a)).It is also observed a
correlation between the photosynthesis, the salinity and the morphology of Spirulina. Spirulina
adapted to higher salinity showed laminated structure (Fig 1(b)).

150µm

a)

b)
Fig 1 macroscopic structure of Spirulina isolated from Algerian natural medium
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Our results are similar to those found by Lewin (1980); Jeeji Bai (1985) and Ben Dhiab and al.
(2007), which showed that NaCl plays a significant role on the modification of the Spirulina
morphology. The higher concentration inhibits the development of the helicoid structure and
supports the laminated structure. Moreover, Bourreley (1979) showed that an insufficiency of
sodium under alkaline conditions generate the phenomenon of the biomass photo-inhibition.
Also, Kolchugina and Markarova (2005) suggested that sodium is a critical element and
considered as limiting factor for the Spirulina growth. Particularly, several authors showed its
role in photosynthesis as unique cation and can’t be remplaced by other monovalent elements (k+,
Cs+..).
3.2. Antibacterial activity
The phycocyanin extract of the new strain isolated from the Algerian medium
showed weak
average inhibition zones (9, 10 and 10,66 mm)when compared with reference Spirulina (14, 10
and 10,66mm) screw with-screw P. aeruginosa, A. niger and S. aureus respectly. This difference
can be explained by the composition and the content of the Spirulina bioactive substances which
can also be directly allotted to the culture conditions (
proves to be low in nitrogen) and the
genetic properties related to the two stains.
Moreover, the phenomenon for accumulation of metals was negatively influenced by the
substantial accumulation such as lipophylic and phenolic compounds which explain a difference
in the position and the intensity of the peaks of functional groupings of these strains (Fig 2).
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(a)

(b)
Fig 2 Absorption IR spectrum
(a) New strain isolated from the Algerian natural medium

, (b) Spirulina from Burkina-Faso

These observations come to confirm those obtained with several studied algae species (Saitoh and
al. 2001; Nakbanpate and al. 2002; Loukidou and al. 2004; Doshi and al. 2006).
However, the increase of antibacterial activity of reference Spirulina is allotted to the presence of
the significant contents of active substances such as the essential fatty acids (C14: O (46,02%),
C18: 2 (13,11) C18:3 (9,53%), C18:2 (13,11%) and with others volatile compounds such as
polyphenols (5,1325% EAG, n=3) (Benahmed- Djilali and Benamara 2013).
3.3. Sequencing results
The results obtained are presented by the three following trees:
The obtained results of three strains of cyanobacteria from the different environments (Fig 3)
show that the new strain isolated from the Algerian medium
is Scenedesmus obliquus
species, a microscopic green alga of fresh water which known has a varied cellular structure. It is
related specifically to the family of Oleaceae (Oscillatoriophycideae) (see reference KF290490
Gen Bank code) and its nearest orthologist which is "Phillyrealatifolia" insert clearly into the
level of node 3. Phillyrealatifolia is known as a species rather close to the European olive-tree
(Zarembinski and al. 1998).
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Fig 3 phylogenic trees of three strains (A), (B) and (C)
(A): New strain isolated from Algerian medium
Spirulina from Morocco.

,

(B): Spirulina from Burkina-Faso, (C):

Noting that, the green algae have chlorophyll of the type a and b well as carotenoids. They are
not mobiles and they measure approximately 5 to 30µm length and 8 to 10 µm of diameter (Ma
and al.2003). It has a protein putatifa with unknown or hypothetical functions. For this strain,
ORF n°1 selected was observed in the indirect direction at the time of the 2ndreading. This ORF
codes for 9ÄA, it does not start with a MET and it does not contain a codon stop.
In order to find the orthologists of this strain, two groups were selected during this study. First,
consists of firmicutes, eudicots monocots d-proteo bacteria having scores higher than 65 and the
second forms an external group made up of apicomplexans, ascomycetes, a-proteo bacteria
having scores lower than 35. However, two identical Spirulina from Burkina-Faso- and Morocco
were classified among the blue algae of the Arthrospira kind are multicellular cyanobacteria. This
algae type had β-carotene concentrations evaluated from ten to fifteen higher than the carrot one
(Halidou and al. 2008). Those strains have the same orthologist that of the
Heliobacteriummodesticaldum family it is an anaerobic bacterium, positive Gram,
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photoheterotroph (Hai and al. 2012). Their sequences have also an identical molecular weight
about (22,67 KD), which equals almost twice the molecular weight of the new strain isolated
from Algerian medium
(10,21 kD) and this is confirmed by the proteinic structure as shownin
Fig 4.

On another hand the new strain adapted to the Algerian medium
was modified genetically and
this is confirmed with the change of conformation of its protein structure. It also results from it, a
change of its function per contribution with two strains from Burkina-Faso and Morocco isolated
from synthetic media.
Indeed, the stock (A) contains a secondary protein structure not assigned; it consists of
57groupes, 443 atoms and 454 bands. This protein consists of 68 MET and 67SER. While,
Spirulina strains are completely similar and they have the same secondary protein structure not
assigned, made up of 65groupes, 497atomes and 515 bands. Two structures having 53 CYS and
70 SER.
Then, the similarity analysis of genetic parameters (molecular weight, number of ORF,
alignment, number of groups, number of atoms and number of amino acids (MET, CYS, SER)
showed strains dissimilarity between a new strain while Spirulina strains are observed similar
(Table 1).
Table 1 similarity test between the three strains
Strain (A) Strain (B) Strain (C)
Strain (A)

1,000

0,000

0,000

Strain (B)

0,000

1,000

0,900

Strain (C)

0,000

0,900

1,000

(A) New strain cultivated in the Algerian medium
Moroccan Spirulina

, (B) Spirulina of Burkina-Faso and (C)

Thus, this structural difference affirms the effects associated to the nature and the composition
variation of the culture medium on the density of the Spirulina cells. This result is shown in
concordance with those reported before by Wyman and Fay (1987); Walsby and Fay (1987);
Giovannoni and al. (1988).
According to the comparison between the sequence of the new strain and that of the two
Spirulina strains from Burkina-Faso and from Morocco, the modification in the succession of the
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nucleic bases are probably due to genetic change. Such observation was also found and
confirmed by Romano and al. (2000); Waterbury (2006). And the Fig 5 shows the profile of the
genomes of these three strains.
4. Conclusion
In this study, the adaptation of Spirulina of Burkina-Faso was carried out in the natural
medium
. Based on structural and functional similarity, the new strain has changed its
morphological structure, genetic composition. Our phylogénitic and genitic analysis confirmed
that this strain is a species of the type Scenedesmus obliquus, green alga microscopic of fresh
water.
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