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Introduction:

Cyanobacteria (blue-green algae) are group of unicellular, filamentous, or colonial photosynthetic microorganisms able to produce a rich array of bioactive molecules with high productivities [START_REF] Borowitzka | High-value products from microalgae-their development and commercialisation[END_REF][START_REF] Olaizola | Commercial development of microalgal biotechnology: from the test tube to the marketplace[END_REF][START_REF] Saini | A multi-objective hybrid machine learning approach-based optimization for enhanced biomass and bioactive phycobiliproteins production in Nostoc sp. CCC-403[END_REF].

They are adapted to a variety of growth environments, including severe conditions in terms of water temperature, salinity and pH [START_REF] Gault | Handbook on cyanobacteria[END_REF][START_REF] Meshram | AN INTRODUCTION TO CYANOBACTERIA: DIVERSITY AND POTENTIAL APPLICATIONS, The role of photosynthetic microbes in agriculture and industry[END_REF]. Cyanobacterial biomass constitutes an alternative resources that can ensure security and environmental safety for the future [START_REF] Soule | Cyanobacteria[END_REF]. Beside from their direct use in animal and human nutrition, cyanobacteria have attracted attention as a source of bioactive molecules, such as carotenoids, phycobiliproteins, etc., with potential use in multiple industries: nutraceutical, pharmaceutical and cosmetics [START_REF] Udayan | Nutraceuticals from algae and cyanobacteria[END_REF].

Phycobiliproteins (PBPs) are colored accessory pigments synthetized by cyanobacteria. They are divided in 3 main types based on their structure and light absorption wavelengths: [START_REF] Borowitzka | High-value products from microalgae-their development and commercialisation[END_REF] allophycocyanin (APC, bluish-green color), (2) C-Phycocyanin (C-PC, deep blue), and [START_REF] Saini | A multi-objective hybrid machine learning approach-based optimization for enhanced biomass and bioactive phycobiliproteins production in Nostoc sp. CCC-403[END_REF] phycoerythrin (PE, deep red), with optimum absorbance ranges of 650-655nm, 615-640nm and 565-575nm, respectively [START_REF] Bryant | The structure of cyanobacterial phycobilisomes: a model[END_REF][START_REF] Sahni | Nuances of microalgal technology in food and nutraceuticals: a review[END_REF]. PBPs play a crucial role in the photosynthetic metabolism by enabling the light energy to be transferred according to the following pathway: PE → C-PC → APC → Chlorophyll "a" [START_REF] Pagels | Phycobiliproteins from cyanobacteria: Chemistry and biotechnological applications[END_REF]. As natural pigments (NPs), they have received a growing attention, due to the increasing consumers' demand for organic ingredients, healthy food and bio-based nutraceuticals. Moreover, studies on PBPs have shown their potential as antioxidants, anticarcinogenic, anti-inflammatory, anti-obesity, anti-angiogenic and neuroprotective ingredients [START_REF] Eriksen | Production of phycocyanin-a pigment with applications in biology, biotechnology, foods and medicine[END_REF][START_REF] Mahanil | Application of phycobiliproteins from Leptolyngbya sp. KC45 for natural illuminated colourant beverages[END_REF][START_REF] Sinetova | Polyphasic characterization of the thermotolerant cyanobacterium Desertifilum sp. strain IPPAS B-1220[END_REF]. Phycocyanin is the common studied type and the most targeted in the market [START_REF] Freitas | Marine biotechnology advances towards applications in new functional foods[END_REF]. It is currently used as a natural blue dye in Europe owing to its non-toxicity and biodegradability, and was recently accepted by the Food and Drug Administration in the United States of America [START_REF] Yan | Preparation of phycocyanin microcapsules and its properties[END_REF].

The estimated global market value of PBPs with the highest purity grades used for scientific and pharmaceutical applications, is greater than US$ 60 million [START_REF] De Morais | Phycocyanin from microalgae: properties, extraction and purification, with some recent applications[END_REF]. However, despite their recognized commercial potential, the commercial production of PBPs is mainly restricted to few species like Spirulina, Nostoc, and the rhodophyte Porphyridium, [START_REF] Saini | Phycobiliproteins from Anabaena variabilis CCC421 and its production enhancement strategies using combinatory evolutionary algorithm approach[END_REF][START_REF] Norena-Caro | Cyanobacteria as photoautotrophic biofactories of high-value chemicals[END_REF]. Moreover, the production of phycobiliproteins from biomass grown in desert regions is not extensively explored [START_REF] Schipper | Production of phycocyanin by Leptolyngbya sp. in desert environments[END_REF].

Intracellular accumulation of PBPs in cyanobacteria is highly regulated by a number of growth parameters [START_REF] Mahanil | Application of phycobiliproteins from Leptolyngbya sp. KC45 for natural illuminated colourant beverages[END_REF][START_REF] De Morais | Phycocyanin from microalgae: properties, extraction and purification, with some recent applications[END_REF]. Temperature is considered as the major ecological factor limiting growth and metabolic productivity in most cyanobacteria strains [START_REF] Thomas | Effects of temperature and nitrogen availability on the growth of invasive and native cyanobacteria[END_REF]. It influences the respiration rate, membrane fluidity and nutrient uptake [START_REF] Thomas | Effects of temperature and nitrogen availability on the growth of invasive and native cyanobacteria[END_REF]. The optimal condition for growth temperature depends on the adaptation and tolerance of each strain [START_REF] Giordanino | Influence of temperature and UVR on photosynthesis and morphology of four species of cyanobacteria[END_REF]. Most of cyanobacteria are able to carry cellular division within a limited temperature range, typically between 15 and 30 °C, with optimal conditions from 20 and 25 °C [START_REF] Nalley | Temperature effects on growth rates and fatty acid content in freshwater algae and cyanobacteria[END_REF]. In contrast, specific cyanobacteria species from desert environment, such as Spirulina platensis has a temperature tolerance up to 40 °C [START_REF] Kumar | Growth and biopigment accumulation of cyanobacterium Spirulina platensis at different light intensities and temperature[END_REF]; and up to 42 ˚C for other strains isolated from hot spring e.g. Chaetoceros calcitrans [START_REF] Hernando | Effects of climateinduced changes in temperature and salinity on phytoplankton physiology and stress responses in coastal Antarctica[END_REF], and Leptolyngbya HS-36 [START_REF] Prihantini | The effect of temperature variation on the growth of Leptolyngbya (cyanobacteria) HS-16 and HS-36 to biomass weight in BG-11 medium[END_REF]. In addition to temperature, salinity is another abiotic factor altering the growth and metabolite production of marine cyanobacteria. It hinders the photosynthetic activity necessary for growth by causing a significant inhibition of electron transport chain [START_REF] Romanenko | Salt stress effects on growth and photosynthetic pigments' content in algoculture of Acutodesmus dimorphus (Chlorophyta)[END_REF]. Moreover, to protect against salt damage and ensure their viability, cyanobacteria synthesize a number of secondary metabolites among them PBPs [START_REF] Romanenko | Salt stress effects on growth and photosynthetic pigments' content in algoculture of Acutodesmus dimorphus (Chlorophyta)[END_REF]. As example, PBPs production from Phormidium sp., and Oscillatoria sp., was significantly influenced when the water salinity increased.

In the past decade, significant progress has been made to understand the growth and PBPs expression in response to abiotic factors, however, the relation between temperature/ salinity stress and the growth/ PBPs productivity need to be further investigated. This is especially a concern for production in desert climates, where temperatures and salinities can come to extreme levels. For example, the maximum temperature in Qatar can reach up to of 49.8 °C during the summer with a water temperature which is usually 7-8 °C lower than the ambient temperature, whereas the salinity can rise to 60g/ L due to evaporation [START_REF] Das | Long-term semicontinuous cultivation of a halo-tolerant Tetraselmis sp. using recycled growth media[END_REF][START_REF] Pruvost | Thermal modeling and optimization of microalgal biomass production in the harsh desert conditions of State of Qatar[END_REF]. The algal large-scale production in the region is mainly carried out in open raceway using sea water, and factors like temperature and salinity are hard to control. Hence, the ability to grow and express valuable pigments in the high salinity/ high temperatures ranges expected in the outdoor conditions is essential to be investigated. In this sense, this study was carried out in order to examine the growth of four indigenous cyanobacteria from Qatar (QUCCCM 34, QUCCCM 54, QUCCCM 77 and QUCCCM 129) and their PBPs production under different temperature and salinity ranges in view of first (i) select strain(s) for future mass outdoor cultivation and (ii) define the best combination(s) of temperature and salinity leading to maximum growth and PBPs production. To achieve that, temperatures and salinities commonly found in Qatar were simulated with indoor small-scale photo-bioreactors. Culture conditions applied for each cultivation batch were within the seasonal temperature and salinity fluctuations boundaries observed in Qatar. Indeed, the temperatures selected are 20 °C (year average lowest daily temperature), 30 °C (average annual temperature), and 40 °C (year average highest daily temperature), whereas the two salinity levels investigated for each temperature are 40 ppt (part per thousand) and 60 ppt, corresponding respectively to the normal salinity of Qatar sea water and the salinity achieved due to the evaporation caused by temperature elevation in summer. We further monitored the interaction effect between temperature/salinity variations and the culture age on the PBPs quality and yield to select the optimum conditions leading to the highest PBPs expression.

Finally, bioprospecting of the antioxidant ability of the PBPs produced was also evaluated in order to verify the potential activity of the extracts as well as compare between the four strains and the well-known cyanobacteria species. [START_REF] Guillard | Culture of phytoplankton for feeding marine invertebrates, Culture of marine invertebrate animals[END_REF]. Later, samples were purified using a previously described protocol [START_REF] Saadaoui | Evidence of thermo and halotolerant Nannochloris isolate suitable for biodiesel production in Qatar Culture Collection of Cyanobacteria and Microalgae[END_REF], and the axenic cyanobacteria isolates were first identified morphologically using light-microscopy (40×, Primo Star HAL Microscope, full Köhler, stage drive R, FOV 20, Carl Zeiss, Germany). A preliminary screening was performed in the beginning (Data not shown in this study) and based on the obtained results four potential strains were selected for this work.

DNA extraction and gene sequencing

Four novel desert cyanobacteria strains named QUCCCM 34, QUCCCM 54, QUCCCM 77 and QUCCCM 129 were identified using PCR-sequencing. The genomic DNA of the axenic strains was isolated using GenEluteTM Plant Genomic DNA Miniprep kit (Sigma, USA). 10 g of genomic DNA was used as template to perform Polymerase Chain Re-actions (PCR) of 16SrDNA gene using both primers BS1F (5' GATCCTKGCTCAGGATKAACGCTGGC3') and 920R (5'

TTT-GCGGCCGCTCTGTGTGCC 3'). The PCR amplification was achieved using the Su-perFiTM PCR Master Mix, (Thermo Fisher Scientific, Waltham MA). Purification of the PCR products was performed using ExoSAP-IT PCR Product Cleanup Reagent (Affymetrix, Santa Clara, California, USA), and the DNA concentration was determined by NanoDrop 2000c/2000 UV-Vis Spectrophotometer (Thermo Scientific, Wilmington, USA). The purified PCR fragments were sequenced by Genetic Analyzer 3500 (Applied Biosystems, California, USA), using the same primers used for the PCR amplification in addition to two other internal primers, i.e., BSL4F

(5'GYAACGAGCGCAACCC 3') and BSL8R (5'AAGGAGGTGATCCAGCCGCA 3').

Phylogenetic analysis

The obtained 16S rDNA sequences were locally aligned using Basic Local Alignment Search Tool (BlastN). Type strains and strains with sequenced genomes were downloaded for analysis.

Alignment was performed through MUSCLE [START_REF] Edgar | MUSCLE: multiple sequence alignment with high accuracy and high throughput[END_REF] as implemented in MEGA X software.

Phylogenetic and molecular evolutionary analysis were conducted by MEGA X using a neighborjoining method [START_REF] Mega ; S Kumar | molecular evolutionary genetics analysis across computing platforms[END_REF][START_REF] Stecher | Molecular evolutionary genetics analysis (MEGA) for macOS[END_REF].

Strain, Growth Medium and Pre-Cultivation Conditions

The purified strains were pre-cultivated in f/2 media [START_REF] Guillard | Culture of phytoplankton for feeding marine invertebrates, Culture of marine invertebrate animals[END_REF], supplemented with 10x NaNO3, 10x

NaH2PO4 and incubated in illuminated Innova 44 Shaker Incubator (New Brunswick Scientific).

The agitation was set to 200 rpm and the photon flux to 200 μmol photons• m -2 •s -1 in a cycle of 12:12 h light: dark. Optical density (OD750nm) was followed daily using a UV/Vis spectrophotometer (Jenway 7310, UK), cultures were harvested, and the biomass was gently centrifuged for 5min at 400-600 rpm, after which the pellet was subcultured in 1 L photobioreactor to follow the growth and pigments expression. The temperature at this stage was set to 30°C, while the salinity varied between 40 and 60 ppt for each strain.

Photobioreactor Setup and Experimental Conditions

The strain was cultivated in aseptic 1 L photobioreactor (DASGIP parallel bioreactor system, Eppendorf, Inc., USA). Two different salinities 40, 60 ppt, and three water temperatures [START_REF] Thomas | Effects of temperature and nitrogen availability on the growth of invasive and native cyanobacteria[END_REF][START_REF] Saadaoui | Evidence of thermo and halotolerant Nannochloris isolate suitable for biodiesel production in Qatar Culture Collection of Cyanobacteria and Microalgae[END_REF] and 40°C) were investigated in biological duplicate. The culture pellet was re-suspended in a volume of media culture to an initial OD750 nm between 0.2-0. 

Metabolites and elemental analysis of cyanobacterial biomass

The obtained biomass from cultivation at 30 °C-40 ppt, which corresponds to the average weather conditions in Qatar, was studied for metabolites and elemental analysis. The cultures were collected at the end of cultivation, freeze dried and subjected to metabolites study as detailed in Rasheed et al. [START_REF] Rasheed | Sustainable Food Production and Nutraceutical Applications from Qatar Desert Chlorella sp.(Chlorophyceae)[END_REF], briefly:

i)

The quantification of carbohydrates was carried out following the method reported by Dubois et al. [START_REF] Dubois | Colorimetric method for determination of sugars and related substances[END_REF]. The freeze-dried biomass was dispersed in glacial acetic acid and incubated for 20 min at 85 °C, to remove all color interference with the colorimetric assay. The colorless pellet obtained after treatment was hydrolyzed, using hydrochloric acid (HCl 4 M), at 90 °C for 2 h. Then, the supernatant was subjected to calorimetric assay, using phenol sulphuric.

ii) For total protein, the dried biomass was hydrolyzed overnight at 60°C, using 5 mL sodium hydroxide (NaOH 0.1 M) from Sigma-Aldrich (St. Louis, MO, USA) [START_REF] Barbarino | An evaluation of methods for extraction and quantification of protein from marine macro-and microalgae[END_REF]. The total protein content was determined for using Folin ciocalteau reagent [START_REF] Lowry | Protein measurement with the Folin phenol reagent[END_REF].

iii) Total lipids were extracted using the method of Folch, with some modifications, where freeze-dried biomass was treated with sodium chloride solution (0.88%) and adequate The elemental analysis of total carbon (C) hydrogen (H) and nitrogen (N) in the biomass was performed using a Thermo Scientific Flash 2000 Organic elemental analyzer coupled to a CHN analyzer (Germany). Aspartic Acid (Thermo Scientific, Germany) was used as a standard (C= 36.09%, N= 10.52%). Note that other expected elements are mostly Oxygen, and possibly Sulfur. Their content in % was evaluated by subtraction (100 -(C (%) + H (%) +N (%)).

Effect of temperature and salinity on biomass productivity

Biomass concentration 𝐶 𝑋 (g. L -1 ) was evaluated every other day from dry weight measurements.

Briefly, 5mL sample taken from cultures in PBRs were filtered under a constant vacuum through pre-dried (24 h, 95 °C), pre-weighed, and washed with 0.5 M ammonium formate, glass microfiber filters (Whatman GF/F™ Ø 55 mm). The filters were later washed with a double volume of 0.5 M ammonium formate, dried (24 h, 95 °C), and then cooled in a desiccator (>2 h) prior to weighing them. The biomass dry weight (d.w) was determined as the difference between the weight of the dried filters prior to and after biomass filtration and drying. All measurements were performed in duplicate.

Biomass productivity was calculated as per equation (b) according to Griffiths and Harrison [START_REF] Griffiths | Lipid productivity as a key characteristic for choosing algal species for biodiesel production[END_REF] (b) 𝑃 𝑋 = 𝐶 𝑒𝑛𝑑 -𝐶 0

𝑡

In which: 𝑃 𝑋 is the biomass productivity in g L -1 d -1 , 𝐶 0 is the biomass concentration (g. L -1 ) at the start point of cultivation, 𝐶 𝑒𝑛𝑑 the biomass concentration (g. L -1 ) at the end of the culture and 𝑡 the duration of cultivation in days.

Effect of temperature and salinity on phycobiliproteins quantity and quality

From cultures cultivated in photobioreactors (As described in 2.5), 10 mg freeze dried biomass from each strain and culture conditions were taken for pigments analysis. PBPs were extracted using phosphate buffer (pH: 7.4). Briefly, the pellets were placed in 2mL eppendorf tubes containing 0.25-0.5 mm glass beads and were suspended in 1mL phosphate buffer (pH: 7.4). Tubes Here A615, A652, and A562 are the absorbance of extract at 615 nm, 652 nm, and 562 nm, respectively.

The PBPs yield (𝑌 𝑋 , mg.g -1 ) was calculated using the equation (f) [START_REF] Silveira | Optimization of phycocyanin extraction from Spirulina platensis using factorial design[END_REF]:

(f) 𝑌 𝑋 = ( 𝐶 𝑋 * 𝑆𝑉 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑖𝑜𝑚𝑎𝑠𝑠
)

Where: 𝑋 corresponds to the pigment type, 𝐶 𝑋 is the pigment concentration (mg. ml -1 ) and 𝑆𝑉 the solvent volume (mL).

In addition to the yield, each PBPs percentage (% 𝑋 ) was evaluated using the equation (g):

(g) % 𝑋 = 𝑌 𝑋 * 100

Where: 𝑋 corresponds to the pigment type, 𝑌 𝑋 the yield (mg. g -1 ) and 𝑆𝑉 is the solvent volume (mL).

Purity index

The purity index of each PBPs indicates the extract purity with respect to forms of contaminating proteins. It was determined using a spectrophotometer and calculated by the following equations, [START_REF] Pan-Utai | Extraction, purification and antioxidant activity of phycobiliprotein from Arthrospira platensis[END_REF]: The antioxidant assay consists of the formation of a ferryl myoglobin radical from metmyoglobin and hydrogen peroxide, which oxidizes the ABTS (2,2'-azino-bis (3-ethylbenzthiazoline-6sulfonic acid) to produce a radical cation, ABTS + , a soluble chromogen that is green in color and can be determined spectrophotometrically at 405 nm using synergy hybrid multi-mode microplate reader (Bio-Tek, USA). For this study, the TEAC assay of each extract was performed using the sigma Aldrich kit (CS0790, USA). For every culture condition, only the day showing the highest pigment content was investigated. The decrease in absorbance caused by tested compounds, measured after 20 min of incubation in the dark at room temperature reflected the ABTS + radicalscavenging capacity of the extracts. The absorbance of the samples was then compared to the trolox standard, and the results were expressed in terms of trolox equivalent antioxidant capacity (TEAC, mM Trolox equivalents. g -1 d.w of extract).

DPPH radical scavenging activity

The free radical scavenging activity of the extract, based on the scavenging activity of the stable Where: 𝐴 0 -absorbance of the control, 𝐴 1 -absorbance of the test sample. DPPH without the test sample was used as a control.

2.12.

Statistical analysis

The reported values are the mean of all individual samples, whilst the error bars represent the standard deviation. T-test was used to evaluate the statistical differences between experimental groups on the biomass concentration. Furthermore, correlations between salinity, temperature, biomass concentration, phycocyanin and phycoerythrin content, were tested using Pearson Correlation Analysis.

Results and discussion:

3.1. Identification of the cyanobacterium in the collected samples obtained from marine sources in

Qatar

The environmental samples were collected from different locations along the Qatar coastline. The four strains identified in samples collected were brought into axenic culture and maintained in the Qatar Culture Collection of Cyanobacteria and Microalgae (QUCCCM). Morphological characterization showed the presence of polymorphism, manifested by variations in terms of cell size and structure (Fig. 1). The visible characteristic of the purified strains permits to divide the cyanobacteria strains into 2 groups: i) A group of big round shaped cells (QUCCCM 34 and QUCCCM 54), respectively colored dark green to black, and green with tendency to clump together into big colonies of spherical aggregates having different sizes and cell numbers; and ii)

A second group of small size unicellular cells either oval with cylindrical shape (QUCCCM 77)

or in pairs and displaying an ellipsoidal shape (QUCCCM 129). Both groups didn't show any extension of flagella. Moreover, molecular identification was performed as different microalgae species can have similar morphologies, plus same strains can present different shapes in the different growth stage [START_REF] Caiola | Cell Morphology of the Blue-Green Algae Under Culture Conditions from Cycas Revoluta Isolated. I: Light Microscope Observations[END_REF]. Full obtained sequences were blasted into the NCBI BLAST software, and the results were compared with the gene bank. Table 1 gives an overview of the strains, their identified genera according to 16S rDNA analysis, accession numbers as well as their sampling location (Habitat, GPS coordinates). The comparison of the 16S rDNA sequences of the four axenic isolates together with the morphological studies confirmed the presence of 4 different genera. From the alignment of the sequences, and the resulting phylogenetic tree (Fig. 2), we concluded that QUCCCM 34 and QUCCCM 54 showed high similarities to the genus Chroococcidiopsis and Pleurocapsa, respectively, whilst the other strains QUCCCM 77 and QUCCCM129 displayed an homology with the existing sequences published in the GenBank for

Euhalothece and Cyanobacterium respectively.

3.2.Effect of temperature and salinity on algal growth and productivity:

The increment in biomass concentration for each cyanobacteria strain under different temperature and salinity ranges is plotted in Figure 3, while Table 2 summarizes the biomass productivities.

From the results we observed that the effect of culture conditions on growth and biomass productivity was strain dependent. In the beginning, all the isolates presented a lag phase until day 4, followed by a linear growth between day 4 and 8. Afterwards, two scenarios were observed depending on the strains: QUCCCM 77 and QUCCCM 129 reached their stationary phase between day 8 and 10, while the growth of QUCCCM 34 and QUCCCM 54 remained in its exponential even after 12 days of culture. Similar trend was reported previously for Chroococcidiopsis sp.

isolated from comparable weather conditions, where the growth was lasting after 17 days of cultivation [START_REF] Schipper | Potential of novel desert microalgae and cyanobacteria for commercial applications and CO 2 sequestration[END_REF]. Among the strains investigated, QUCCCM 54, Pleurocapsa sp., had the highest biomass productivity with 125 mg. L -1 . d -1 , and QUCCCM 77, Euhalothece sp., displayed the lowest growth (34 mg. L -1 . d -1 ). Moreover, the data showed adaptation of the isolates to the local climatic conditions reproduced in the photo bioreactors. Indeed, all the strains displayed an optimum growth temperature of 30 ˚C, which corresponds to the yearly average annual temperature seen in Qatar and interestingly exhibited continuous growth at 40°C highlighting their thermotolerance capacity and possible outdoor cultivation under highest temperatures observed during the summer (June, July and August). On the other hand, not all the isolates preferred low growth temperature. This was impacted in their decrease / no growth detected at 20˚C compared to other strain isolated from cold places. Different strategies were developed to explain the growth variations of cyanobacteria strains under different temperatures. Previous research work demonstrated that temperature influences the membrane fluidity which impacts the nutrients uptake [START_REF] Doubnerová | What can enzymes of C4 photosynthesis do for C3 plants under stress?[END_REF]. It also modifies the photosynthetic process by altering the activity of Rubisco, an important enzyme responsible for carbon assimilation, and hence affect the growth [START_REF] Torzillo | Environmental stress physiology with reference to mass cultures, Handbook of microalgal culture: applied phycology and biotechnology[END_REF]. Hence, temperatures above the optimal temperature cause a heat stress which can affect the functionalities of enzymes (inactivation, denaturation) or modify proteins which are involved in photosynthetic processes, [START_REF] Torzillo | Environmental stress physiology with reference to mass cultures, Handbook of microalgal culture: applied phycology and biotechnology[END_REF]. Hernando et al. [START_REF] Hernando | Effects of climateinduced changes in temperature and salinity on phytoplankton physiology and stress responses in coastal Antarctica[END_REF] also stated that when temperature rises above the optimum level, an increase in respiration was observed for phytoplankton resulting in lower growth rate.

The obtained data also highlighted the halo tolerance ability of most strains. In point of fact, there was no influence of salinity raise on the growth of QUCCCM 77. Likewise, no significant impact was observed for QUCCCM 34 and QUCCCM 54 at 40˚C and for QUCCCM 129 at 30˚C and 40˚C. It has been reported in previous studies that cyanobacteria can adapt to water salinity variations but not all of them are halotolerant [START_REF] Blumwald | Tel-Or, Osmoregulation and cell composition in salt-adaptation of Nostoc muscorum[END_REF]. For example, Nostoc sp showed to retain photosynthetic capability upon exposure to salinities between 20 g. kg -1 NaCl (20 ppt), and 30 g.

kg -1 (30 ppt) but was not able to grow under high salinities [START_REF] Blumwald | Tel-Or, Osmoregulation and cell composition in salt-adaptation of Nostoc muscorum[END_REF]. On the other hand, other cyanobacteria species such as Chroococcidiopsis and Synechococcus displayed their halo tolerance capacity [START_REF] Cumbers | Salt tolerance and polyphyly in the cyanobacterium C hroococcidiopsis (P leurocapsales)[END_REF]. This ability of cyanobacteria to grow with increased salinity was attributed to the synthesis of osmolytic compound such as glucosyl glycerol in species of moderate tolerance and glycine betaine and glutamate betaine in species showing high tolerance [START_REF] Reed | Organic solute accumulation in osmotically stressed cyanobacteria[END_REF]. Other researchers related this to the ability of some strains to adjust their respiration or regulate the intake and discharge of salt [START_REF] Gabbay-Azaria | Respiratory activity in the marine cyanobacterium Spirulina subsalsa and its role in salt tolerance[END_REF] . Thermo and halotolerance ability is a key factor for both survival of the strains, and high productivity of microalgae biomass in hot regions. The co-tolerance reflected by the present cyanobacterial strains to high temperatures and salinities could be of a great advantage for their large-scale cultivation in Qatar or other desert environments, mainly in open raceway ponds, where there is lack of control over temperature and subsequently on salinity due to evaporation. Indeed, considering the local freshwater scarcity, seawater may be added to adjust the evaporation loss for short culture period, leading to a cost-effective production. Moreover, cultivation at high salinities for the halotolerant strains reduces the risk of contamination by unwanted bacteria and predators, one of the main cause of culture collapse in long-term open cultivation systems [START_REF] Ashokkumar | Potential of sustainable bioenergy production from Synechocystis sp. cultivated in wastewater at large scale -A low cost biorefinery approach[END_REF].

Elemental and metabolite analysis of the cyanobacterium biomass

The biomass produced under "standard" conditions, (30 °C -40 ppt) was analyzed for Carbon (C), Hydrogen (H), Nitrogen (N) contents, in addition to major metabolites (proteins, carbohydrates, and lipids) and the data are listed in Table 3. The C/N ratio for all the strains varied from 4 to 6. It was lower for QUCCCM 34 and 54 than for QUCCCM 77 and 129. This trend is in line with the protein content observed, where QUCCCM 34 and 54 presented higher amount (45 and 51%) compared to QUCCCM 77 and 129 (32-35%). Moreover, the protein contents found for strains 34 and 54 were higher than what was reported previously for similar species isolated from arid regions. For example the species Chroococcidiopsis sp isolated from Salar de Atacama Desert, in northern Chile presented only 36.7% of proteins vs 45% for Chroococcidiopsis sp from Qatar [START_REF] Montero-Lobato | Identification, biochemical composition and phycobiliproteins production of Chroococcidiopsis sp. from arid environment[END_REF].

The same findings were noticed for the strain Pleurocapsa sp. BERC06 which is dominating in the wastewater reservoirs of central Punjab [START_REF] Shahid | Impact of wastewater cultivation on pollutant removal, biomass production, metabolite biosynthesis, and carbon dioxide fixation of newly isolated cyanobacteria in a multiproduct biorefinery paradigm[END_REF]. Besides, the protein content of these 2 strains was not only greater than what was found for the same species from different places in the world, but it was within the range of what was reported for S. platensis, one of the most protein rich cyanobacteria strains commonly used as a health-food supplement (45-65 %) [START_REF] Jaeschke | Phycocyanin from Spirulina: a review of extraction methods and stability[END_REF]. The carbohydrates content for all the isolates was however higher compared to other cyanobacteria, such as in Spirulina platensis (8-14 %). The reason for such difference can be associated to the protective role the polysaccharides sheath play against desiccation in extreme natural environment [START_REF] Montero-Lobato | Identification, biochemical composition and phycobiliproteins production of Chroococcidiopsis sp. from arid environment[END_REF]. In contrast, results indicated that the lipids amount was relatively low (9 and 11%) for QUCCCM 34 and QUCCCM 54. This is expected as both strains were the highest in terms of growth and proteins quantity. In fact, when the strain metabolism was directed towards protein accumulation lipids will not be synthesize in high amounts. These data were in accordance with what was stated for other Chroococcidiopsis species from comparable environmental conditions [START_REF] Montero-Lobato | Identification, biochemical composition and phycobiliproteins production of Chroococcidiopsis sp. from arid environment[END_REF]. However, for QUCCCM 77 and 129 the lipids detected were within the range noted for most of cyanobacterial species (29-21 %) [START_REF] Caudales | Cellular fatty acid composition of cyanobacteria assigned to subsection II, order Pleurocapsales[END_REF]. 5 respectively.

Similarly to the growth behavior, the PBPs quality as well as the conditions leading to maximum PC, PE expressions were strain dependent with reduced synthesis at low temperature (20˚C). In response to the culture conditions, PC was the major intracellular PBPs component produced for all strains with 16% ( 160 mgPC•g -1 d.w), with highest content for QUCCCM 54 and 129. This content did not largely differ from the content of the popular species for PC accumulation A.

platensis, when it was subjected to similar growth conditions (up to 184 mgPC•g -1 d.w) [START_REF] Park | Contrasting effects of monochromatic LED lighting on growth, pigments and photosynthesis in the commercially important cyanobacterium Arthrospira maxima[END_REF]. On the other hand, the PE synthesis was very low and didn't exceed 5% as a maximum for QUCCCM 34. This value was is in line with what was previously reported for the same species Chroococcidiopsis sp., isolated from similar environment (Desert Chile) [START_REF] Montero-Lobato | Identification, biochemical composition and phycobiliproteins production of Chroococcidiopsis sp. from arid environment[END_REF].

The influence of culture age on the phycobiliproteins content was also highlighted. It is very important mainly from the production perspective, in order to decide the best time to collect the biomass and extract them. The earliest synthesis of highest PBPs, the better it is for the economics.

Different scenarios were witnessed depending on the strain and pigment type, and we will be herein discussing the variation of each pigment synthesis with the details of the conditions leading to the highest expression separately for individual strain.

Regarding the PE content:

 QUCCCM 34 had the highest PE content at day 0, followed by a drastic drop to almost reach zero at day 2 then remained stable till the end of culture. Increasing temperature and salinity presented a weak to no correlation observed with the PE concentration (r = 0.017).

 QUCCCM 54 had the maximum of % PE at day 4 which stayed almost at the same level during the rest of the culture days. Lower temperature led to lower PE content while increased temperature enhanced the pigment expression (r = 0.8) with 40 °C-40 ppt being the best condition. However, no major effect of salinity was detected.

 QUCCCM 77 had the maximum PE for both growth temperatures (30, 40 °C) at day 2 and 40 ppt. Higher salinity (60 ppt) inhibited hugely the PE.

 QUCCCM 129 had less than 1% of PE at 40 ppt which was almost similar under both temperatures investigated. However, salinity increment triggered the PE expression to reach 3-4% between day 6 and 8. Correlation between the increased temperature and salinity on PE concentration was r = 0.53.

Concerning the PC expression, the results revealed that it will either increase to reach a maximum then decrease or remain stable after maximum expression.  QUCCCM 77 had the maximum of PC at day 10 at 30 °C-40 ppt. we also observed negative correlation between temperature increase and PC content (r = -0.1) and no effect of salinity was noted explaining the halotolerant nature of the strains.

 QUCCCM 129 presented the maximum o PC at day 8 at 30 °C-60 ppt. Moreover, while no major effect of temperature increase was detected, high salinities had a positive effect on the synthesis of the pigment.

We also noticed that a combination of higher temperature and higher salinity had a strong positive correlation with the biomass and PC for QUCCCM 54, followed by QUCCCM 129, QUCCCM 77 then QUCCCM 34 with r = 0.74, 0.63, 0.27 and 0.26, respectively.

The number of studies on the effect of temperature on PBPs content and productivity are limited [START_REF] Pagels | Phycobiliproteins from cyanobacteria: Chemistry and biotechnological applications[END_REF]. In literature, lower temperature tends to reduce the cellular metabolic activities, whereas higher temperatures generally inhibit the process [START_REF] Chaneva | Effect of light and temperature on the cyanobacterium Arthronema africanum-a prospective phycobiliprotein-producing strain[END_REF]. Interestingly, the higher optimum temperature for enhanced PBPs expression observed in this study is giving a competitive edge to the strains over other commonly ones mainly for cultivation in hot regions, as well as in closed photo bioreactors where cooling is required to reduce the culture temperature. Moreover, as the key issue in food industry colorant is pigments stability [START_REF] Montero-Lobato | Identification, biochemical composition and phycobiliproteins production of Chroococcidiopsis sp. from arid environment[END_REF], PBPs extracted from theses local strains would be more thermostable as compared to others isolated from strains with lower temperature resistance. Salt-induced effects have been also investigated and studies showed that nature of PBPs changed in response to salinity stress [START_REF] Puzorjov | Phycobiliproteins from extreme environments and their potential applications[END_REF]. A decrease in mainly PC concentration was examined under salt stress, causing an interruption in the energy transfer between PBPs and photosystem II [START_REF] Prihantini | The effect of temperature variation on the growth of Leptolyngbya (cyanobacteria) HS-16 and HS-36 to biomass weight in BG-11 medium[END_REF]. This was the case of Pleurocapsa sp. QUCCCM 54, where an increase in salinity hindered the PBPs synthesis. On the other hand, other research work found that salinity increment could be used as stimulant of PBPs content within the cell [START_REF] Verma | Alterations in the structure of phycobilisomes of the cyanobacterium, Spirulina platensis in response to enhanced Na+ level[END_REF], which was the case for the rest of strains investigated in the current study.

The purity of the PBPs plays also a vital role in their commercial exploitation. Purity index of C-PC, APC and PE extracted from biomass grown under different culture conditions was evaluated as the ratio between absorbance of each PBPs (PC-620 nm; APC-652 nm and PE-562 nm) and absorbance of total proteins (280 nm) and displayed in table 5 [START_REF] Mahanil | Application of phycobiliproteins from Leptolyngbya sp. KC45 for natural illuminated colourant beverages[END_REF][START_REF] Seghiri | Comparative study of the impact of conventional and unconventional drying processes on phycobiliproteins from Arthrospira platensis[END_REF]. In the present study, PC was the dominant pigment for most of the strain with higher purity index compared to those of APC and PE. Its purity index was in the range of 0.18-1.88, with QUCCCM 54 exhibiting the highest index (Table 5). This purity index was greater than the maximum reported by Prabuthas et al., for Spirulina which was only 0.62 [START_REF] Khatoon | Effects of different light source and media on growth and production of phycobiliprotein from freshwater cyanobacteria[END_REF]. It is well-known that the purity ratio of PBPs plays a significant role in their commercial applications. Among the main PBPs, phycocyanin is the most valuable pigment used in pharmaceutical and food industry owing to their color, fluorescence and antioxidant properties [START_REF] Khatoon | Effects of different light source and media on growth and production of phycobiliprotein from freshwater cyanobacteria[END_REF]. Phycocyanin with purity index greater than 0.7 is considered as food grade, where at ratio of 3.9 it is regarded as reactive grade and beyond 4.0 it is counted as analytical grade [61] [62]. Results of the current study indicated that temperature and salinity did not have a negative effect on the purity index of extracted PBPs for each strain. Previous research work revealed that PBPs from cyanobacterial species surviving at extreme conditions are having better stability at high temperatures and salinity compared to those obtained from the mesophilic environments [START_REF] Rastogi | Physico-chemical factors affecting the in vitro stability of phycobiliproteins from Phormidium rubidum A09DM[END_REF]. This was the case in our study as all the PBPs were indeed maintaining the same purity index up to 40 °C and 60 ppt as maximum culture conditions.

3.5.Bioprospection of the potential antioxidant ability of the different cyanobacteria extract.

Phycobiliproteins have been shown to display antioxidant and radical scavenging activity [START_REF] Li | Advances in the production of bioactive substances from marine unicellular microalgae Porphyridium spp[END_REF][START_REF] Sharma | Effects of different monosaccharides on thermal stability of phycobiliproteins from Oscillatoria sp. (BTA-170): Analysis of kinetics, thermodynamics, colour and antioxidant properties[END_REF].

In this sense, TEAC (mM Trolox equivalents. g -1 d.w of extract) and the percentage of the scavenging activity calculated using the ABTS and DPPH assays were both performed to evaluate the antioxidant potential of the PBPS extract. For each strain and culture conditions, both assays were carried out for the day exhibiting the highest PBPs content. The details of the 2 different assays and their correlation with the PBPs content are given in Table 6. To the best of the authors' knowledge, there are no previous studies describing the correlation between temperature/ salinity variations and the culture age on the antioxidant activity of the PBPs extracts. Actually, all the referenced work investigating this influence was performed at the end of the cultivation time.

As highlighted in Table 4, the maximum antioxidant activity was conditions and strain dependent and was ranking as follows: QUCCCM 54 > QUCCCM 34 > QUCCCM 129 > QUCCCM 77.

Interestingly, the highest activity for each strain always corresponds to the maximum PBPs content suggesting that the most abundant type of PBPs is influencing this antioxidant potential. Indeed, QUCCCM 34 had its highest antioxidant activity at 40°C-60 ppt which corresponds to the highest expression of the PE suggesting that it is mostly due to the PE accumulation within the cells more than PC. Likewise, QUCCCM 54 and QUCCCM 129 exhibited the highest antioxidant activity at 40°C-40 ppt, and 30°C-60 ppt respectively, which corresponds to the condition leading to the highest expression of PC.

Previous research work stated that samples with TEAC activity more than 10 μmol Trolox equivalents. g -1 d.w (eq. g -1 d.w) are considered important in antioxidant content [START_REF] Santhakumaran | Nutraceutical applications of twenty-five species of rapid-growing green-microalgae as indicated by their antibacterial, antioxidant and mineral content[END_REF]. In this sense, all the extracts investigated during this study are promising in their antioxidant capacity.

The highest absorbance of ABTS in presence of PBPs signified the higher efficacy of extract from strain 54 at 40ºC -40 ppt salinity ( 60 mM Trolox eq. g -1 d.w) compared to others, where the lowest was 10-17 mM Trolox eq. g -1 D.W for strain 77 in all conditions. In parallel, we also observed a correlation in the data between both assays for all the pigment extracts. Accordingly, the highest scavenging percentage 50 % was also found to be maximal for QUCCCM 54 and the lowest was 9 % for QUCCCM 77.

Earlier studies reported that phycocyanin from Spirulina.sp, one of the best producers for phycocyanin, is only displaying 25 % as DPPH scavenging activity [START_REF] Avila | Purification, characterization and antioxidant properties of C-Phycocyanin from Spirulina platensis[END_REF]. The data found in the current work were more remarkable and emphasized on the potential of our local isolates, mainly QUCCCM 54, as candidates for high antioxidant content. In fact, due to the desert climatic conditions, an abiotic oxidative stress is generated which disturbs the homeostasis of the algal cell and leads to the production of harmful ROS [START_REF] Ismaiel | Transformation of Dunaliella parva with PSY gene: Carotenoids show enhanced antioxidant activity under polyethylene glycol and calcium treatments[END_REF]. PBPs known for their antioxidant ability will be synthesized at this stage to provide the cyanobacteria with the required resistance [START_REF] Avila | Purification, characterization and antioxidant properties of C-Phycocyanin from Spirulina platensis[END_REF][START_REF] Renugadevi | Antioxidant activity of phycocyanin pigment extracted from marine filamentous cyanobacteria Geitlerinema sp TRV57[END_REF].

Actually, on an optimum growth conditions, the PBPs was 109, 121 and 119 mg. g -1 d.w, for QUCCCM 34, 54 and 129 respectively and it increased to higher amount under increased temperature and salinity indicating the role of PBPs in providing strain resistance. Santhakumaran et al. [START_REF] Santhakumaran | Nutraceutical applications of twenty-five species of rapid-growing green-microalgae as indicated by their antibacterial, antioxidant and mineral content[END_REF] reported that the ROS stabilization is done through both apoprotein and prosthetic group which are in the structural components of PBPs. In contrast, QUCCCM 77, Euhalothace sp., presented a clear negative impact between the antioxidant data and PBPs content. One of the explanations of this effect might be due to the fragility of Euhalothece sp cell wall. Under high temperature and salinity, cell membrane lysis will thus occur affecting the purity/ activity of the PBPs extract. This was confirmed by the purity data showing that PC from QUCCCM 77 had the lowest purity index. Further analysis may allow verifying this and understanding this inverse relation.

Based on the antioxidant data, our isolates can be qualified as potential candidate for treating several diseases caused by the excess of ROS. It also open doors for several biotechnological uses.

Knowledge of such currently makes the local species globally valuable and may be directly or indirectly used for industrial production. Health sector can be one of the applications as the PE extracts are known to display antitumor activity against human liver carcinoma cells SMC 7721

and recently an anti-Alzheimer potential was reported [START_REF] Montero-Lobato | Identification, biochemical composition and phycobiliproteins production of Chroococcidiopsis sp. from arid environment[END_REF]. Besides, PC with high antioxidant capacity is able to inhibit cell proliferation of some cancers such as human leukemia K562 cells [START_REF] Hao | Phycocyanin exerts anti-proliferative effects through down-regulating TIRAP/NF-κB activity in human nonsmall cell lung cancer cells[END_REF]. Another target can be the food cosmetic and pharmaceutical industry due to the natural colors and value-added properties of cyanobacterial PC and PE. Moreover, they can also be used in immunoassays owing to their fluorescent properties [START_REF] Pisoschi | Methods for total antioxidant activity determination: a review[END_REF].

Conclusion:

Four marine cyanobacteria strains recently isolated in Qatar were identified as species Chroococcidiopsis, Pleurocapsa, Euhalothece and Cyanobacterium. The investigation of their growth in small lab scale photo bioreactors, at various water temperatures (up to 40°C) and salinities (up to 60 ppt) typically found in Qatar, allowed assessing their suitability as viable candidates for yearlong production under deserted outdoor cultivation conditions without interference from the surrounding environment. Indeed, the study highlighted their thermo and halo tolerance associated with the expression of PBPs increasing their resistance to oxidative stress. In parallel, the age of culture was strongly affecting the PBPs synthesis. Thus, close adjustment of environmental abiotic stress and the harvesting time will enhance the PBPs productivity. Pigment extracts presented remarkable antioxidant properties higher than those reported for species such as Spirulina sp, opening perspectives for applications. In particular, the isolated Pleurocapsa strain may be used for commercial phycocyanin production in desert regions owing to its improved biomass and phycocyanin productivities. Future growth studies in outdoor are warranted to confirm this potential, meanwhile, the methodology developed in this study can be adopted to screen other native strains from extreme environments. Distances within the tree were constructed using the neighbor joining method with MEGA X.

Horizontal length are proportional to the evolutionary distance. Bar = 0.01 substitutions per nucleotide position. 

  volume of methanol then incubated overnight at 4°C. Post overnight incubation, double the volume of chloroform (Analytical grade; Sigma-Aldrich, St. Louis, MO, USA) was added to the mixture, and cells were lysed using a tissue lyzer (Qiagen, Hilden Germany). The mixture was centrifuged at 5000 rpm for 5 min, and supernatant was transferred into tube. The extraction was repeated till complete removal of lipids from the biomass and the organic phase was separated from the aqueous phase by adding an adequate volume as per the ratio 8/4/3 of chloroform/ methanol/ water. The organic phase was then collected, transferred into preweighed tube, dried and the tube was reweighed. The total lipid (TL) content was measured gravimetrically following the equation (a): (a) 𝑇𝐿 (%) = 𝐿𝑖𝑝𝑖𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑔) 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑎𝑚𝑜𝑢𝑛𝑡 (𝑔) * 100

  were placed in tissue lyser (Qiagen, Hilden Germany) for cell lysis (Each cycle of 1 min at 30 Hz frequency), then centrifuged (4000 rpm for 10 min at 4°C) and the supernatants were carefully transferred into clean tube for PBPs determination. The process of extraction was repeated until no significant amount of PBPs was present in the supernatant. The crude extract was analyzed by reading the absorbance and PBPs concentrations (w/v) ( 𝐶 𝐶-𝑃𝐶 , 𝐶 𝐴𝑃𝐶 and 𝐶 𝑃𝐸 , mg.L -1 ) were calculated as per Bennett and Bogorad[START_REF] Bennett | Complementary chromatic adaptation in a filamentous blue-green alga[END_REF] by the equations (c), (d) and (e):(c) 𝐶 𝐶-𝑃𝐶 = 𝐴 615 -0.474 (𝐴 652 )

3. 4 .

 4 Figs 4, 5 and Table5respectively.



  QUCCCM 34 had the maximum of PC at day 4 at 40˚C-60 ppt and increased temperature and salinity stimulate the PC synthesis  QUCCCM 54 expressed the highest PC content at day 4 at 40 ˚C-40 ppt. Temperature raise enhanced the PC synthesis, however, the increase in salinity hindered the pigments concentration.
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 1 Figure 1: Microscopic observation of the strains: QUCCCM 34(a), QUCCCM 54 (b), QUCCCM 77(c) and QUCCCM 129(d).

Figure 2 :

 2 Figure 2: Phylogenetic tree based on the gene sequences ofQUCCCM 34,[START_REF] Caudales | Cellular fatty acid composition of cyanobacteria assigned to subsection II, order Pleurocapsales[END_REF]77 and 129. 
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 3 Figure 3: Biomass concentration variation as in function of the culture days and conditions for
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 4 Figure 4:% PC in the pigment extract of the 4 screened cyanobacteria strains. Values are means
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 5 Figure 5: %PE in the pigment extract of the 4 screened cyanobacteria strains Values are means

  Figure 1: Microscopic observation of the strains: QUCCCM 34(a), QUCCCM 54 (b), QUCCCM 77(c) and QUCCCM 129(d).

Figure 2 :

 2 Figure 2: Phylogenetic tree based on the gene sequences of QUCCCM 34, 54, 77 and 129.Distances within the tree were constructed using the neighbor joining method with MEGA X.Horizontal length are proportional to the evolutionary distance. Bar = 0.01 substitutions per nucleotide position.

Figure 3 :

 3 Figure 3: Biomass concentration variation as in function of the culture days and conditions for the 4 studied cyanobacteria strains. Values are means ± standard errors (n = 2).

Figure 4 :

 4 % PC in the pigment extract of the 4 screened cyanobacteria strains. Values are means 853 ± standard errors (n = 2).

  𝐶 -𝑃𝐶 𝑃𝐼 = 𝐴 615 /𝐴 280 (i) 𝐴𝑃𝐶 𝑃𝐼 = 𝐴 652 /𝐴 280 (j) 𝑃𝐸 𝑃𝐼 = 𝐴 562 /𝐴 280Where: PI is the purity index of each type of phycobiliprotein, 𝐴 615 , 𝐴 652 and 𝐴 562 indicated the absorbance wavelengths of C-PC, APC, and PE respectively, whereas 𝐴 280 referred to absorbance of the total proteins in solution.

	2.10.	Trolox Equivalent Antioxidant Capacity (TEAC) determination

(h) 

  condition was investigated. 3 mL of pigment extract was added to 1 mL of a 0.1 mM Methanolic DPPH. Absorbance was read at 517 nm after 30 min, and the inhibition percentage of the samples on the DPPH radical is calculated by converting the absorbance as a

	percentage of the scavenging activity (SA%), according to the equation (k):
	(k) 𝑆𝐴(%)= ( 𝐴 0-𝐴 1 𝐴 0	) * 100

1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical, was determined (Renugadevi, Valli Nachiyar, Sowmiya, & Sunkar, 2018). Similar to the TEAC, only the day showing highest pigment content for each culture

Table 1 :

 1 TABLES Habitat and geographical location of the cyanobacterial species.

	Strains	Cyanobacteria species Accession	Habita
		number	t

Table 2 :

 2 Biomass productivities mg.L -1 .day -1 (a) of the strains under the culture conditions investigated. Values are means ± standard errors (n = 2). The grey colored boxes of the table correspond to conditions leading to the highest productivities for each strain.

Table 3 :

 3 CHN and metabolites data for the 4 cyanobacterial strains (Standard deviation below 2%).

	Strains	Proteins	Carbohydrates	Lipids	N%	C%	H%	Other
		(%)	(%)	(%)				
								O, S …
								% (*)
	QUCCCM 34	45	29	9	10	45	6	39
	QUCCCM 54	51	21	11	11	44	7	38

Table 4 :

 4 PBPs content in the cyanobacteria strains under different culture conditions. Values are 797

	798	means ± standard errors (n = 2).						
					Yield PBPs (mg/g)	
			Day 0 Day 2 Day4 Day 6 Day 8 Day 10	Day 12
		QUCCCM 34-20°C-40 ppt	74	17	23	30	58	7	9
		QUCCCM 34-30°C-40 ppt	74	30	33	34	41	23	27
		QUCCCM 34-40°C-40 ppt	74	55	53	***	***	***	***
		QUCCCM 34-20°C-60 ppt	93	38	60	69	78	18	47
		QUCCCM 34-30°C-60 ppt	93	37	69	67	68	31	43
		QUCCCM 34-40°C-60 ppt	93	52	105	85	77	73	72
			Day 0					

Day 2 Day4 Day 6 Day 8 Day 10 Day 12 QUCCCM 54-20°C-40 ppt

  

		35	52	62	32	40	35	46
	QUCCCM 54-30°C-40 ppt	35	67	118	120	121	116	107
	QUCCCM 54-40°C-40 ppt	35	108	181	149	144	142	130
	QUCCCM 54-30°C-60 ppt	21	75	87	94	87	107	66
	QUCCCM 54-40°C-60 ppt	21	98	121	127	97	97	85
		Day 0 Day					

2 Day4 Day 6 Day 8 Day 10 Day 12 QUCCCM 77-30°C-40 ppt

  

		64	103	113	130	140	151 ***
	QUCCCM 77-40°C-40 ppt	64	125	115	91	78	62 ***
	QUCCCM 77-30°C-60 ppt	49	93	122	133	137	120 ***
	QUCCCM 77-40°C-60 ppt	49	66	129	127	97	75 ***

Day 0 Day 2 Day4 Day 6 Day 8 Day 10 Day 12 QUCCCM 129-20°C-40 ppt

  

			10	9	35	42	57	73	***
		QUCCCM 129-30°C-40 ppt	10	37	76	97	119	102	***
		QUCCCM 129-40°C-40 ppt	10	93	108	117	138	93	***
		QUCCCM 129-30°C-60 ppt	33	13	15	178	197	108	***
		QUCCCM 129-40°C-60 ppt	33	22	63	155	173	71	***
	799							
	800	***: Not calculated as there was no algal growth.		
	801							

Table 5 :

 5 Purity index of C-PC, APC and PE extracted from biomass grown under different culture conditions evaluated as the ratio between absorbance from each PBPs and aromatic amino acids in all proteins at 280 nm. (Standard deviation below 2%)

			Purity index	
		CPC	APC	PE
	QUCCCM 34-20°C-40 ppt	0.18	0.27	0.50
	QUCCCM 34-30°C-40 ppt	0.13	0.28	0.49
	QUCCCM 34-40°C-40 ppt	0.18	0.20	0.53
	QUCCCM 34-20°C-60 ppt	0.17	0.30	0.53
	QUCCCM 34-30°C-60 ppt	0.14	0.28	0.52
	QUCCCM 34-40°C-60 ppt	0.14	0.21	0.56
	QUCCCM 54-20°C-40 ppt	1.88	0.44	0.33
	QUCCCM 54-30°C-40 ppt	1.89	0.45	0.30
	QUCCCM 54-40°C-40 ppt	1.87	0.46	0.34
	QUCCCM 54-30°C-60 ppt	1.87	0.48	0.33
	QUCCCM 54-40°C-60 ppt	1.89	0.49	0.34
	QUCCCM 77-30°C-40 ppt	0.40	0.12	0.15
	QUCCCM 77-40°C-40 ppt	0.42	0.18	0.12
	QUCCCM 77-30°C-60 ppt	0.37	0.14	0.19
	QUCCCM 77-40°C-60 ppt	0.39	0.17	0.10
	QUCCCM 129-20°C-40 ppt	0.88	0.28	0.15
	QUCCCM 129-30°C-40 ppt	0.91	0.30	0.16
	QUCCCM 129-40°C-40 ppt	0.88	0.32	0.14
	QUCCCM 129-30°C-60 ppt	0.90	0.20	0.10
	QUCCCM 129-40°C-60 ppt	0.88	0.29	0.18

Table 6 :

 6 Trolox activity and inhibition (%) of the pigment extracts from the 4 investigated 806 cyanobacteria strains under different culture conditions. Values are means ± standard errors (n 807

	808	= 2). (Standard deviation below 2%)			
		Strains	mM	DPPH	PC	PE	Total PBPs
			TEAC. g -	%	(mg. g -1 d.w)	(mg. g -1 d.w)	(mg. g -1 d.w)
			1 d. w	inhibition		
		QUCCCM 34-20ºC -40 ppt	40	11	24	45	69
		QUCCCM 34-30ºC -40 ppt	43	14	22	86	109
		QUCCCM 34-40ºC-40 ppt	38	17	29	136	166
		QUCCCM 34-20ºC-60 ppt	48	16	41	133	173
		QUCCCM 34-30ºC-60 ppt	50	25	41	149	190
		QUCCCM 34-40ºC-60 ppt	55	33	50	190	240
		QUCCCM 54-20ºC-40 ppt	41	18	50	12	62
		QUCCCM 54-30ºC-40 ppt	43	35	109	12	121
		QUCCCM 54-40ºC-40 ppt	59	49	164	17	181
		QUCCCM 54-30ºC-60 ppt	22	23	102	5	107
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Habitat nature GPS (N, E) QUCCCM 34 Chroococcidiopsis GenBank: MZ817054 Marine Seawater N 25.59.183, E 51.0101.418 QUCCCM 54 Pleurocapsa GenBank: MZ817055 Marine Soil N 25 59 125, E 051 01 617 QUCCCM 77 Euhalothece GenBank: MZ817056 Marine Clay N 25 43 894, E 051 33 336 QUCCCM 129 Cyanobacterium GenBank: