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Ab s t r a c t Polysaccharides (PS) from photosynthetic microorganisms have gained interest over the last decade, due to very large variety of chemical structures and potential original physicochemical and/or biological properties. Among them, the cyanobacterium Arthrospira platensis is one of the most studied strains. However, depending on studies, diversity of PS (EPS and glycogen) amounts and compositions are proposed, and no clear link could be established to the culture conditions. The aim of this study was to investigate those effects by performing a bibliographic meta-analysis. The incident light was identified as the most influencing parameter and was investigated experimentally in photobioreactors. The produced PS were quantified and analyzed, confirming that glycogen and EPS amounts are strongly affected by this parameter, with EPS/glycogen ratios decreasing from 3.1 at 100 µmol hν m -2 s -1 to 0.6 at 1200 µmol hν m -2 s -1 . Moreover, a significant decrease in uronic acids of EPS was observed for high light fluxes.

Ke y w o r d s : Po l y s a c c h a r id e s , Ex o pl y s a c c h a r id e s , Gl y c o g en , Arthrospira, c y a n o ba c t e r ia , c u l t u r e c o n d it io n s v a r io u s bio t ic a n d a bio t ic s t r e s s es o r t o f a c il it a t e t h e a t t a c h men t o f t h e mic r o o r g a n is m t o a s o l id s u bs t r a t e [START_REF] Pereira | Complexity of cyanobacterial exopolysaccharides: composition, structures, inducing factors and putative genes involved in their biosynthesis and assembly[END_REF][START_REF] De Philippis | Exocellular polysaccharides from cyanobacteria and their possible applications[END_REF][START_REF] Palmer | Bacterial cell attachment, the beginning of a biofilm[END_REF][START_REF] Jittawuttipoka | Multidisciplinary evidences that Synechocystis PCC6803 exopolysaccharides operate in cell sedimentation and protection against salt and metal stresses[END_REF]. These EPS have gained interest due to a very large variety of chemical structures and, as a consequence, a great variety of physico-chemical and potential original biological properties [START_REF] Delattre | Production, extraction and characterization of microalgal and cyanobacterial exopolysaccharides[END_REF]. However, the data available in the literature are somehow confusing because a great heterogeneity exists. Depending on the photosynthetic microorganisms, the polymer can be totally excreted into the surrounding medium or remained more or less tightly bound to the cells. Depending on the studies, the "free" polymers can be found under the denomination of exopolysaccharide (EPS), mucilage, or released exopolysaccharide (RPS). Concerning the bound polymers, they are often called capsular polysaccharides (CPS) or bound polysaccharides (BPS). For the specific case of the cyanobacteria, it is generally admitted that the ex o c e l l u l a r PS a r e ma in l y c o n s t it u t e d o f CPS, w it h o n l y a s ma l l a mo u n t f o u n d a s RPS [START_REF] Delattre | Production, extraction and characterization of microalgal and cyanobacterial exopolysaccharides[END_REF][START_REF] Pereira | Complexity of cyanobacterial exopolysaccharides: composition, structures, inducing factors and putative genes involved in their biosynthesis and assembly[END_REF]. Ne v e r t h e l e s s , t h is a s pec t is c o n t r o v e r s ia l , a s s o me s pe c ie s d o e s n o t pr o d u c e CPS a t a l l , w h e r ea s f o r o t h er s , RPS a mo u n t s e x c ee d e d t h o s e o f CPS [START_REF] Mugnai | The potential of the cyanobacterium Leptolyngbya ohadii as inoculum for stabilizing bare sandy substrates[END_REF]. In t h e c a s e o f CPS, t h is impl ies t h a t a c h emic a l o r ph y s ic a l t r e a t me n t is n ee d e d t o ex t r a c t t h em, t h a t ma y f in a l l y in d u c e d if f e r en c es in t h e q u a l it y o f t h e e x t r a c t e d po l y me r a n d t h e r e f o r e d if f er en c e s in t h e r e s u l t s o f t h e c o mpo s it io n a l a n a l y s es , d u e In the present work, it is proposed to bring highlights on that specific topic, and to investigate experimentally the effect of the most influencing culture parameter on the PS production by the cyanobacteria Arthrospira platensis. For that purpose, the results coming from a bibliographic meta-analysis will be first interpreted. Specific focus will be on the influence of the culture parameters on the PS amounts, expressed as t o t a l s u g a r , 

Arthrospira platensis b io ma s s pr o d u c t io n

Th e c y a n o ba c t e r iu m Arthrospira platensis PCC 8005 (In s t it u t Pa s t eu r , Pa r is , Fr a n c e) w a s a x en ic a l l y g r o w n in a mo d if ie d Za r r o u k me d iu m [START_REF] Cogne | Uptake of macrominerals and trace elements by the cyanobacterium Spirulina platensis (Arthrospira platensis PCC 8005) under photoautotrophic conditions: culture medium optimization[END_REF].

The cultures (3 independent cultures for each condition) were conducted in the batch mode in a torus-shaped photobioreactor illuminated on one side as described by [START_REF] Martzolff | Analyse systémique du métabolisme carboné et énergétique de Chlamydomonas reinhardtii[END_REF] so that the light transfer attenuation occurred only along the culture depth. Its working volume was 1.3 L with a reactor thickness L = 0.04 m. The PBR was exposed to constant illumination with incident Photons Flux Density (PFDs) of 100, 400, 800 or 1200 µmol hν m -2 s -1 delivered by a panel of light-emitting diodes (LEDs) placed at the surface of the PBR and determined using multi-point measurements with a cosine quantum sensor (LI-190SA, LI-COR®). pH and temperature were monitored and controlled during the experiment (Mettler Toledo® Inpro 3253SG/120/Pt probe). Temperature was set at 35±1°C and pH was initially set at 9.5 by modifying Zarrouk medium as [START_REF] Cornet | Etude cinétique et énergétique d'un photobioréacteur. Etablissement d'un modèle structure[END_REF] with 10.5 g L -1 NaHCO 3 and 7.6 g L -1 Na 2 CO 3 and maintained at 9.5±0.1 during the experiment by setting bubbling CO 2 (99.7%, Air liquide®) into the culture at a flow rate of 11 mL min -1 . An additional N 2 (99%, Air Liquide®) bubbling was performed continuously at a flow rate of 10 mL min -1 . The CO 2 and N 2 gas flow rates were controlled and regulated by mass flow meters (respectively, EL-FLOW F-201CV-020-RAD-33-Z and EL-FLOW F-201C-RAD-33-V, Bronkhorst®). Stirring speed was set to 300 rpm. Each culture was inoculated to reach an initial biomass concentration between 0.02 and 0.15 g L -1 in the modified Zarrouk medium.

Gr o w t h w a s f o l l o w e d d u r in g c u l t u r e s u s in g d r y w e ig h t mea s u r e me n t s , by filtering a constant volume V of culture on pre-dried (110°C for 24h) and pre-weighed (Mettler Toledo, AB204) 0.7 µm glass fiber filter (VWR or Fisherbrand). Cells were rinsed with de-ionized water before drying at 110°C for 24h. The filter weight difference for a given volume allows estimation of biomass concentrations expressed in g L -1 . Dry weight concentration was measured every day for 100 and 400 µmol hν m -2 s -1 batch cultures and twice a day for 800 and 1200 µmol hν m -2 s -1 batch cultures.

Du r in g g r o w t h , n it r a t e c o n c e n t r a t io n o f t h e c u l t u r e me d iu m was determined by ionic chromatography from the culture supernatant obtained after centrifugation (12100 g, 30 min, 20°C, Minispin® Eppendorf). NO 3 -anions were analyzed by a Dionex ICS 900 chromatograph (Thermo Scientific) equipped with an AG9-HC (4x50mm) column and a AS9-HC (4X250mm) pre-column. Nitrate concentration was measured every day for 100 and 400 µmol hν m -2 s -1 cultures and twice a day for 800 and 1200 µmol hν m -2 s -1 cultures. The eluate was a sodium carbonate solution (0.77 mM Na 2 CO 3 and 0.13 mM NaHCO 3 ) and was set at a flow rate of 0.8 mL min -1 . The eluent for the AMMS®3000 4 mm chemical suppressor is a 25 mM sulfuric acid solution at a flow rate of 1.82 mL min -1 .

All analyses during cultures (both dry weight measurements and nitrates quantification)

were performed in triplicates.

Total biomass productivity (r X, expressed in g X L -1 h -1 or kg X m -3 s -1 ) was determined for the four investigated operational conditions. It was assessed from linear regression during the observed linear growth phase once the physical limitation by light transfer is achieved. Total biomass productivities were compared to the theoretical value given by the following relationship [START_REF] Cornet | A Simple and reliable formula for assessment of maximum volumetric productivities in photobioreactors[END_REF] :

,max = × × × 2 × 1 + × 1 * ln (1 + ∩ ) (1) 
with :

= + 2 × × (2) 
with the maximum energetic yield for photon conversion = 0.80 ± 0.02 ; the mass quantum yield for biomass formation $ = (1.85 ± 0.10). 10 &' kg x μmol hν -1 ; the half saturation constant for light harvesting = 90 ± 5 μmolhν m &0 s &2 ; the reactor thickness = 0.04 m ; the incident photon flux density (PFD) ∩ (μmolhν m &0 s &2 ) ; the mass absorption coefficient = 162 ± 8 m 2 kg -1 ; the mass scattering coefficient = 640 ± 30 m 2 kg -1 ; the back-scattered fraction for radiation = 0.03 10 &7 [START_REF] Cornet | A Simple and reliable formula for assessment of maximum volumetric productivities in photobioreactors[END_REF].

The volumetric photon absorption rate (r hν, expressed in mol hν m -3 h -1 ) can thus be determined from the measured experimental biomass productivities as follows [START_REF] Cornet | A Simple and reliable formula for assessment of maximum volumetric productivities in photobioreactors[END_REF]:

r hν = r X ϕ $ (3) 

EPS pu r if ic a t io n

Once the culture reached concentrations between 1 and 3 g L -1 , cells were harvested during the linear growth phase by centrifugation (5000 g, 30 min, 4°C in a Sorvall® RC-6 Plus Centrifuge) and were washed successively with 0.90% NaCl solution, 0.45% NaCl solution and de-ionized water (milli-Q® Millipore). These successive decreasing NaCl concentrations solutions allowed washing the cells with progressive osmotic modifications, preventing cellular lysis. The supernatants containing RPS (initial and from the washing)

were collected and pooled for further purification. CPS extraction from cells was conducted according to a protocol derived from Filali-Mouhim et al., [START_REF] Filali-Mouhim | Production, isolation and preliminary characterization of the exopolysaccharide of the cyanobacterium Spirulina platensis[END_REF]. Briefly, biomass pellet was resuspended in buffer (pH 9.5) to reach a biomass dry weight concentration between 2.4 and 3.0 g L -1 . This buffer that limits cell lysis during the subsequent step, consisted in TAPS (0.05 M), EDTA (0.025 M) and NaCl (0.025 M). The resulting suspension was heated at 100°C for 1 hour and a second centrifugation was performed (17000 g, 30 min, 20°C) to recover the cell-free polymer in the supernatant. The cells were re-suspended in the buffer for a second extraction. The resulting supernatants of the two consecutive extractions were precipitated by addition of 10 volumes of 3% cetyltrimethylammonium bromide, which was assumed to allow specific precipitation of acidic polysaccharides. After a new centrifugation step (3600 g, 10 min, 20°C, Micro R22, Hettich), pellet was resuspended in 1.0 M KCl before precipitation with 3 volumes of 96° ethanol (left overnight at -20 °C) and centrifugation (3600 g, 10 min, 20°C, Micro R22, Hettich). These latter solubilization/precipitation steps were repeated 2 times with decreasing KCl concentration solutions (0.75 and 0.3 M) in order to destabilize complex between CTAB and polysaccharide. The last precipitated polysaccharide pellet was then resuspended in pure water (milli-Q® Millipore). These successive precipitations allowed removing most of the proteins and the other impurities, but the salts were often co-precipitated [START_REF] Patel | Separation and fractionation of exopolysaccharides from Porphyridium cruentum[END_REF]. In order to achieve greater purity sample, the polysaccharide solution was ultrafiltered. Tw o d if f e r e n t u l t r a f il t r a t io n s y s t ems w er e u s e d , d epe n d in g o n t h e v o l u me s t o t r e a t :

1-For large volumes (>200 mL), solutions were diafiltered using vivaflow ultrafiltration system (Sartorius) and a 50kDa NMWCO membrane in order to remove remaining salts. Diafiltration was stopped when conductivity of filtrate was found as lower than 2 µS cm -1 . Polysaccharide solution was then concentrated (volume reduction factor of 5) before freeze-drying, or 2-For smaller volumes (<200 mL), solutions were ultrafiltrated using Amicon filter cell through a 10 kDa MWCO polyethersulfone membrane (Biomax® Ultrafiltration discs, Millipore) and washed three times with the same volume of the initial sample of de-ionized water (milli-Q® Millipore).

The polysaccharides were further analyzed in solution or after freeze-drying.

An a l y t ic s

Al l a n a l y s es (bo t h bio c h e mic a l o r c h r o ma t o g r a ph ic a l ) w e r e pe r f o r me d in t r ipl ic a t e . [START_REF] Montreuil | Méthodes colorimétriques de dosage des glucides totaux[END_REF]. Th e r e s u l t s w e r e e x pr e s s ed in mg g -1 o f D-g l u c o s e e q u iv a l e n t (Gl c Eq ) f o r n e u t r a l s u g a r s a n d in mg g -1 o f D-g l u c u r o n ic a c id eq u iv a l en t (Gl c AEq ) Glycogen assay was performed according to [START_REF] Ernst | Glycogen content and nitrogenase activity in Anabaena variabilis[END_REF]. First, glycogen was extracted and quantified by an enzymatic reaction. One mL of culture sample (at a dry weight concentration between 0.8 and 2.8 g L -1 ) was centrifugated (12100 g, 30 min, 20°C, Minispin® Eppendorf) and the pellet was suspended in methanol for 45 min at 45°C to extract chlorophylls and carotenoids. After another centrifugation (12100 g, 10 min, 20°C, Minispin® Eppendorf), the supernatant containing chlorophylls and carotenoids was discarded and the pellet containing the glycogen was re-suspended in 200 µL of a 30% w KOH solution. Hydrolysis was performed at 100°C for 90 min. After cooling down, glycogen was precipitated by the addition of 600 µL of pre-chilled (4°C) absolute ethanol.

f o r u r
After an hour at -20°C, samples were centrifugated (12100 g, 5 min, 20°C, Minispin® Eppendorf) and the glycogen was collected in the pellet and washed twice with ethanol using this same procedure. The pellet was finally dried at 60°C for 5-10 min to evaporate the ethanol. The dried pellet was re-suspended in an acetate buffer (100 mM, pH=4.5 2.5 Bib l io g r a ph ic met a -d a t a o r g a n iza t io n a n d t r e a t me n t

All the total sugar, glycogen and EPS contents of A. platensis biomass available in the literature were gathered in the Table A1 (appendix) and depicted in Figure 1. These values were gathered in different categories depending on the growth conditions.

To evaluate the effect of the temperature, the data were classified in two categories. The first category named LT (for low temperature) included data obtained from biomass grown between 20 and 30 °C, while the second category named HT (for high temperature) included data obtained from biomass grown between 32 and 38°C. The temperature was not mentioned for some studies: [START_REF] Chaiklahan | Polysaccharide extraction from Spirulina sp. and its antioxidant capacity[END_REF][START_REF] Hayashi | Calcium Spirulan, an Inhibitor of Enveloped Virus Replication, from a Blue-Green Alga Spirulina platensis[END_REF][START_REF] Lee | Further Purification and Structural Analysis of Calcium Spirulan from Spirulina platensis[END_REF][START_REF] Majdoub | Anticoagulant activity of a sulfated polysaccharide from the green alga Arthrospira platensis[END_REF][START_REF] Shekharam | Carbohydrate composition and characterization of two unusual sugars from the blue green alga Spirulina platensis[END_REF].

To evaluate the effect of light intensity, the data were classified in two categories according to the light conditions even though these conditions were not directly comparable because of the different photobioreactor geometries. However, in those particular cases, the categories were formed according to the incident light intensity. The first category named « LL » (for lower light intensities) included data obtained from biomass grown under light intensities between 100 and 200 µmol hν m -2 s -1 . The second category named HL (for high light intensities) included data obtained from biomass grown between 200 and 360 µmol hν m -2 s -1 .

The light intensity was not mentioned for some studies: [START_REF] Chaiklahan | Polysaccharide extraction from Spirulina sp. and its antioxidant capacity[END_REF][START_REF] Hayashi | Calcium Spirulan, an Inhibitor of Enveloped Virus Replication, from a Blue-Green Alga Spirulina platensis[END_REF][START_REF] Lee | Further Purification and Structural Analysis of Calcium Spirulan from Spirulina platensis[END_REF][START_REF] Majdoub | Anticoagulant activity of a sulfated polysaccharide from the green alga Arthrospira platensis[END_REF] but were considered to be in the low light category. The light intensity for the data from [START_REF] Baky | Induction of Sulfated Polysaccharides in Spirulina platensis as Response to Nitrogen Concentration and its Biological Evaluation[END_REF] was estimated to be approximately equal to 250 µmol hν m -2 s -1 according to the growth curve.

All the cultures in the selected studies were conducted in PBR operated under batch conditions, therefore the limitation was achieved by reducing the initial nitrate concentration in the Zarrouk medium. In the standard Zarrouk medium, the initial nitrate concentration is 1.8 g L -1 , this category was named « +N ». In the case of the limitations, the initial nitrate concentration was between 0.28 and less than 0.6 g L -1 . This category was named « -N ».

The nitrate concentration or the culture medium was not mentioned for several studies: [START_REF] Chaiklahan | Polysaccharide extraction from Spirulina sp. and its antioxidant capacity[END_REF][START_REF] Hayashi | Calcium Spirulan, an Inhibitor of Enveloped Virus Replication, from a Blue-Green Alga Spirulina platensis[END_REF][START_REF] Lee | Further Purification and Structural Analysis of Calcium Spirulan from Spirulina platensis[END_REF].

The category "High Salinity" included results obtained for the biomass grown in media containing from 0.25 to 1 M NaCl added in the Zarrouk medium [START_REF] Lee | Two-stage culture method for optimized polysaccharide production in Spirulina platensis[END_REF][START_REF] Vonshak | The response of the filamentous cyanobacterium Spirulina platensis to salt stress[END_REF] and for medium consisting of a mix of seawater and deionized water with addition of 2.5 g L -1 NaNO 3 , 0.01 g L -1 FeSO 4 •7H 2 O, and 0.08 g L -1 Na 2 EDTA [START_REF] Toyoshima | A pilot-scale floating closed culture system for the multicellular cyanobacterium Arthrospira platensis NIES-39[END_REF].

The category "Heterotrophy" included results obtained for the biomass grown in the Zarrouk medium with addition of 0.5, 1.5, a n d 2.5 g L -1 g l u c o s e [START_REF] Trabelsi | Evaluation of Arthrospira platensis extracellular polymeric substances production in photoautotrophic, heterotrophic and mixotrophic conditions[END_REF]. Other parameters, such as light cycle (continuous or day/night cycle), the age of the culture where not taken into account because there were mentioned in too few studies.

All the monosaccharide composition of A. platensis EPS available in the literature were gathered in the Table A2 (appendix) where all the values were expressed in mass percent of the purified PS. Most of the values corresponded to the published values as they were expressed in mass percent fraction. Some EPS compositions were expressed in molar fraction, they were converted in mass percent taking into account the fraction values given in mass percent (for example the sulphated sugars content was expressed in mass fraction in [START_REF] Baky | Induction of Sulfated Polysaccharides in Spirulina platensis as Response to Nitrogen Concentration and its Biological Evaluation[END_REF] and [START_REF] Hayashi | Calcium Spirulan, an Inhibitor of Enveloped Virus Replication, from a Blue-Green Alga Spirulina platensis[END_REF], sulphated and acidic sugars were expressed in mass fraction in [START_REF] Filali-Mouhim | Production, isolation and preliminary characterization of the exopolysaccharide of the cyanobacterium Spirulina platensis[END_REF] so that the sum of sulphated, neutral monosaccharides and acidic monosaccharides was equal to 100%.

When the mass fraction was not mentioned, it was supposed to be not measured. For example, the composition given by [START_REF] Chaiklahan | Polysaccharide extraction from Spirulina sp. and its antioxidant capacity[END_REF][START_REF] Lee | Two-stage culture method for optimized polysaccharide production in Spirulina platensis[END_REF][START_REF] Chen | Application of power plant flue gas in a photobioreactor to grow Spirulina algae, and a bioactivity analysis of the algal water-soluble polysaccharides[END_REF] only took into account the neutral monosaccharides but no sulphated or acidic sugars were mentioned. The composition given by [29-31 34-35, 39-40] only took into account neutral and acidic monosaccharides. Filali Mouhim et al., [START_REF] Filali-Mouhim | Production, isolation and preliminary characterization of the exopolysaccharide of the cyanobacterium Spirulina platensis[END_REF], Lee et al., [START_REF] Lee | Further Purification and Structural Analysis of Calcium Spirulan from Spirulina platensis[END_REF], Shekharam et al., [START_REF] Shekharam | Carbohydrate composition and characterization of two unusual sugars from the blue green alga Spirulina platensis[END_REF] quantified the acidic sugars but as the amount of each acidic sugar was not mentioned, it was assumed to be half glucuronic acid and half galacturonic acid.

Depending on the culture conditions corresponding to each EPS compositions, several groups were formed. These values were gathered in different categories depending on growth conditions. The definitions of "LT", "HT", "LL", "HL", "-N" and "+N" definitions are the same as the ones used previously. Additionally, the nature of EPS (RPS or CPS), and the purification mode (P1 and P2), were added.

The EPS compositions published by Depraetere et al. [START_REF] Depraetere | Influence of culture medium recycling on the performance of Arthrospira platensis cultures[END_REF], Majdoub et al. [START_REF] Majdoub | Anticoagulant activity of a sulfated polysaccharide from the green alga Arthrospira platensis[END_REF] and Trabelsi et al. [START_REF] Trabelsi | Partial characterization of extracellular polysaccharides produced by cyanobacterium Arthrospira platensis[END_REF] were classified in the « RPS » category because they were harvested in the medium culture and separated from the cells by filtration. The EPS compositions classified in the « CPS » category corresponded to the PS obtained by extraction step involving heating/boiling in water [29-31, 33-35, 39] or in a low ionic strength solution [START_REF] Filali-Mouhim | Production, isolation and preliminary characterization of the exopolysaccharide of the cyanobacterium Spirulina platensis[END_REF]. After extraction the EPS were separated from other molecules by precipitation with CTAB and/or ethanol. The EPS compositions obtained with this type of protocols were named « P1 ». In some studies, the purification steps were more specific as they involved gel separation or ion exchange chromatography and TCA treatment [START_REF] Hayashi | Calcium Spirulan, an Inhibitor of Enveloped Virus Replication, from a Blue-Green Alga Spirulina platensis[END_REF][START_REF] Lee | Further Purification and Structural Analysis of Calcium Spirulan from Spirulina platensis[END_REF][START_REF] Majdoub | Anticoagulant activity of a sulfated polysaccharide from the green alga Arthrospira platensis[END_REF] leading to highly purified polysaccharide fraction compared to PS obtained by CTAB and/or ethanol precipitation.

This second types of purifications were gathered in the category named « P2 ».

Ca l c u l a t io n s a n d g r a ph ic pl o t t in g

Th e s t a t is t ic a l a n a l y s is , d a t a f it t in g a n d g r a ph ic pl o t s w e r e pe r f o r me d u s in g R 3. the cells [START_REF] Karsten | A new unusual low molecular weight carbohydrate in the red algal genus Hypoglossum (Delesseriaceae, Ceramiales) and its possible function as an osmolyte[END_REF]. For the specific case of Arthrospira, this has been identified as a nine-carbon sugar named glucosyl-glycerol [START_REF] Martel | Osmotic-adjustment in the cyanobacterium Spirulina platensis: Presence of α-glucosidase[END_REF]. It seems then reasonable to propose that the increase in total sugars amount observed could be associated to these LMW sugars (not measured in those literature data). w h il e 15.5 mo l hν m -3 h -1 w a s r e a c h e d a t 800 µmo l hν m -2 s -1 . Th e d if f e r e n c e be t w ee n t h e ph o t o n a bs o r pt io n r a t e s a t 800 a n d 1200 µmo l hν m -2 s -1 s eemed t h e n q u it e l o w a n d it a ppe a r e d r e a s o n a bl e t o e v a l u a t e t h e l ig h t in t e n s it y e f f e c t w it h in t h r ee ma in PFD r a n g e s , i.e . < 200 µmo l hν m -2 s -1 , in t h e r a n g e o f 200-400 µmo l hν m -2 s -1 , a n d > 400 µmo l hν m -2 s -1 . pr o pit io u s t o h ig h e r EPS r el a t iv e a c c u mu l a t io n t h a n e x t r e me f l u x e s , w h e r e g l y c o g e n s e e me d t o be mo s t l y s y n t h e s iz ed . To s u ppo r t t h is h y po t h e s is , EPS/g l y c o g en r a t io s h a v e b ee n c a l c u l a t e d f o r e a c h in c id e n t l ig h t f l u x , g iv in g 3.1 f o r 100 µmol hν m -2 s -1 , 1.79 f o r 400 µmo l hν m -2 s - Fo r Arthrospira platensis EPS, s ev e r a l bio l o g ic a l a c t iv it ie s h a v e b ee n d e mo n s t r a t e d , s u c h a s a n t ic o a g u l a n t , a n t iv ir a l , a n t it h r o mbo g e n ic o r a n t io x id a n t [29-30, 32, 55, 62-64]. Nev er t h e l es s , a l l t h e s e s t u d ie s h a v e t h a t t h e EPS/g l y c o g e n r a t io w a s s t r o n g l y a f f ec t ed (f r o m 3.1 at 100 µmol hν m -2 s -1 to 0.6 at 1200 µmol hν m -2 s -1 ). Moreover, the uronic acids content was decreased for high PFD, and the neutral monosaccharides were modified suggesting potential modulation of the biological activities when obtained under such culture conditions (increase in glucose and decrease in rhamnose and fucose contents).

Co n c er n in g t h e d a t a e x t r a c t e d f o r t h e a s s es s me n t o f t h e

Bio

To our knowledge, this study gives for the first time a clear confirmation of the modulation of an EPS composition and of their potential biological activities as a function of an operating condition, especially as a function of the light. However, it is important noting that this work opens the route to the fine study of the relationship between the illumination conditions and the metabolic response of Arthrospira platensis. Indeed the explanation of such a behaviour is much more complex than a straightforward correlation between the light intensity and its polysaccharide composition as already pointed out in this paper. Only absorbed photons leading to charge separation into the photosynthetic electron transport chain have to be taken into account for exploring and discussing changes in the metabolic state. A specific development will be performed in the near future for discussing the results in view of that, focusing also efforts on the elucidation of the carbon fluxes repartition throughout the common glycogen/EPS metabolic biosynthesis pathways.

MP, OG and CL analyzed and interpreted the data and drafted the manuscript. GC and GT critically reviewed the manuscript. All authors read and approved final version of the manuscript.

Appendix: Table A1 To t a l s u g a r s , g l y c o g e n a n d EPS c o n t e n t s f r o m bib l io g r a ph ic a n a l y s is , a s f u n c t io n o f t h e c u l t iv a t io n c o n d it io n s 

  t o met h o d o l o g ic a l b ia s e s . So , w h e n in v e s t ig a t in g t h e in f l u e n c e o f t h e c u l t u r e c o n d it io n s o n t h e PS a bu n d a n c e o r c o mpo s it io n (in o r d e r t o a s s e s s f o r ex a mpl e n e w in s ig h t s o n t h e me t a bo l ic pl a s t ic it y o f c y a n o b a c t e r ia ), it is ex t r emel y d if f ic u l t t o c o mpa r e pr e v io u s in v e s t ig a t io n s f r o m o n e s t u d y t o a n o t h e r s in c e a l a r g e h e t e r o g en e it y o f d ef in it io n s a n d pr o t o c o l s e x is t s in t h e l it er a t u r e . Co n c e r n in g t h e s pec if ic c a s e o f Arthrospira platensis, n o c l e a r c o n s en s u s a r is es f r o m t h e pu bl is h e d d a t a a bo u t PS (in c l u d in g EPS) o pt imiz e d pr o d u c t io n c o n d it io n s o r c h a r a c t e r iza t io n . Our statement hypothesis was that the culture conditions strongly influence the PS accumulation and more particularly the EPS composition from Arthrospira platensis.

  g l y c o g en a n d EPS c o n t e n t in t h e b io ma s s . Da t a o n EPS c o mpo s it io n s u c h a s u r o n ic a c id s , s u l ph a t e c o n t e n t a n d mo n o s a c c h a r id e c o mpo s it io n w il l b e a l s o c o n s id er ed . On c e t h e mo s t in f l u e n c in g pa r a me t e r w il l be id e n t if ie d (d e f in e d a s t h e o n e w h o in d u c e s s ig n if ic a n t v a r ia b il it y in PS a b u n d a n c e a n d /o r EPS c o mpo s it io n ), it w il l be ex pe r ime n t a l l y in v e s t ig a t e d in ph o t o bio r e a c t o r s a n d t h e pr o d u c e d PS a n a l y z e d . 2 Ma t e r ia l a n d me t h o d s 2.1 St a n d a r d s a n d r e a g e n t s So l v en t s a n d s t a n d a r d s w e r e pu r c h a s e d f r o m Sig ma -Al d r ic h (l 'Is l e d 'Abe a u , Fr a n c e ), Ac r o s Or g a n ic s (No is y l e Gr a n d , Fr a n c e ) o r Pr o l a bo (Fo n t en a y s o u s bo is , Fr a n c e ).
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 41 Bio c h e mic a l a n a l y s e s o f b io ma s s a n d EPS s a mpl e s To t a l s u g a r c o n t e n t o f s a mpl e s w a s e v a l u a t e d by t h e Du bo is me t h o d [23] u s in g g l u c o s e a s s t a n d a r d . Ur o n ic a c id s a n d n e u t r a l s u g a r c o n t e n t s o f EPS e x t r a c t s w e r e a s s a y ed w it h meta-h y d r o x y l d iph en y l a n d r e s o r c in o l a s d e s c r ibe d b y r e s pec t iv e l y [24] a n d [25] u s in g g l u c o s e a n d g l u c u r o n ic a c id a s s t a n d a r d s . Qu a n t if ic a t io n o f n e u t r a l s u g a r s w a s d o n e a c c o r d in g t o t h e c o r r ec t iv e f o r mu l a d es c r ib ed b y

  first identified regarding elution time as compared to standards (L-Rha, D-Rib, L-Fuc, L-Ara, D-Xyl, D-Man, D-Gal, D-Glc, D-GalN, D-GlcN, D-GalNac, D-GlcNac, D-GlcA, D-GalA), and then confirmed by the internal standard method. Quantification of monosaccharides was then achieved by injecting several concentrations of standard monosaccharides and plotting response area as function of concentration.
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 311 2.1 a n d Sig ma Pl o t 12.5 s o f t w a r e s . Ex per ime n t a l v a l u e s c o r r e s po n d e d t o t h e a v e r a g e v a l u e s o f 3 t e c h n ic a l r e pe a t s pe r n =3 bio l o g ic a l in d e pe n d en t r epl ic a t e s . St a n d a r d d e v ia t io n s w e r e c a l c u l a t e d f o r t h e s e v a l u es . Fo r t h e me t a -bibl io g r a ph ic a n a l y s is , be t w ee n n =7 a n d n =50 v a l u e s w e r e u s ed , d e pen d in g o n t h e a n a l y s e d a v a il a b l e d a t a .3 Re s u l t s a n d d is c u s s io n 3.1 Bib l io g r a ph ic met a -a n a l y s is o f t h e PS o f Arthrospira platensis Arthrospira platensis PS c o n t e n t a n d d is t r ib u t io n v a r ia b il it y Th e f ir s t q u a n t it a t iv e d a t a pu b l is h e d o n t h e EPS o f Arthrospira platensis d a t e d b a c k t o t h e b e g in n in g o f t h e 1990's [19, 21]. Sin c e t h e n , ma n y w o r k sh a v e b ee n c a r r ie d o u t o n t h is mo d e l c y a n o b a c t e r iu m, a l l o w in g e s t ima t in g b y d if f er en t me t h o d o l o g ic a l a ppr o a c h es , t h e PS a mo u n t s y n t h e s iz ed f o r v a r ied c u l t u r e c o n d it io n s . Ne v er t h e l e s s , d u e t o d if f e r e n c es in ex t r a c t io n pr o t o c o l s (P1 o r P2) a s w e l l a s in a n a l y t ic a l me t h o d s , it is ex t r emel y d if f ic u l t t o c o mpa r e pr e v io u s in v e s t ig a t io n s f r o m o n e s t u d y t o a n o t h e r a n d t o c l e a r l y d e mo n s t r a t e t h e in f l u e n c e o f t h e c u l t u r e c o n d it io n s o n t h e a mo u n t a n d t h e c o mpo s it io n o f t h e PS. Th e f ir s t pa r t o f t h is s t u d y w a s f o c u s ed o n t h e met a -a n a l y s is o f t h e bibl io g r a ph ic d a t a a s s o c ia t e d w it h t h e g l o b a l s u g a r c o mpo s it io n f o u n d in Arthrospira platensis bio ma s s (t o t a l s u g a r s , g l y c o g e n a n d EPS). 28 pu b l ic a t io n s w e r e a n a l y z ed , w it h 25 q u a n t if ic a t io n d a t a a v a il a bl e f o r t h e t o t a l s u g a r s , 16 f o r t h e g l y c o g e n a n d 50 f o r t h e EPS f r a c t io n c o n t e n t s . Th e d e t a il ed d a t a a n d r e f e r e n c es a r e l is t e d in t h e Ta bl e A1 (a ppe n d ix ). Th e c o mpil ed d a t a in d ic a t e d t h a t t h e po l y s a c c h a r id e s (EPS + g l y c o g e n ) a mo u n t w a s v er y v a r ia b l e . Th e d is t r ib u t io n s s u mma r iz e d in Fig u r e 1 s u g g e s t t h a t t h e me d ia n c o n c e n t r a t io n s in EPS w e r e g l o ba l l y l o w (13 %DW) c o mpa r e d t o t h a t in t o t a l s u g a r s (35 %DW) bu t o f t h e s a me o r d e r o f ma g n it u d e a s t h e s t o r a g e s u g a r s c o n t en t (18 %DW). Th es e d a t a h a v e a l s o be e n a n a l y z e d in t e r ms o f v a r ia b il it y . Ho w ev er , a l l in f o r ma t io n s o u r c e s t a k e n t o g et h e r , r el a t iv e s t a n d a r d d e v ia t io n (RSD ~ [52%-70%], Ta b l e 1) w e r e q u it e h ig h , s u g g e s t in g t h a t a g r ea t r a n g e o f PS c o n t e n t w a s f o u n d a c c o r d in g t o t h e t es t e d c u l t u r e c o n d it io n s . Th e Fig u r e 1 il l u s t r a t e s a l s o t h e PS d a t a v a r ia bil it y w h e n e v er t h e o pe r a t in g c o n d it io n s w e r e c o n s id e r e d (mo d u l a t io n o f t h e t emper a t u r e , t h e n it r a t e c o n t e n t , t h e l ig h t ir r a d ia n c e , t h e s a l in it y o r t h e u s e o f g l u c o s e a s c a r bo n s o u r c e ).

Figure 1 .

 1 Figure 1. PS v a r ia b il it y a c c o r d in g t o t h e o per a t in g c o n d it io n s s u c h a s

  Co n c er n in g t h e e f f e c t o f t h e n it r a t e l imit a t io n , it a ppe a r e d t o in d u c e s pe c if ic a l l y a n in c r e a s e o f t h e g l y c o g e n f r a c t io n , c o u n t e r b a l a n c e d b y a d e c r e a s e o f t h e EPS f r a c t io n in a pr o po r t io n a l ma n n e r . Nev er t h e l e s s , t h is o bs e r v a t io n mu s t be t a k en w it h c a r e. If t h e in c r ea s e in g l y c o g e n c o n t e n t s e emed c l e a r (f r o m 18 %DW a l l c o n d it io n s g r o u ped , t o 42 %DW in c a s e o f n it r a t e l imit a t io n , w it h RSD r ed u c e d t o 26 % in s t e a d o f 70 %), t h e r e s u l t s o f t h e EPS c o n t e n t s r e ma in ed v e r y v a r ia b l e (b e t w e e n 2 t o 42%DW d e pen d in g o n s t u d ies ) w it h RSD a bo u t 89 %. The effect of the salinity did not provoke an increase of those PS, i.e. glycogen or EPS, but an increase in total sugars was noticed. It has been highlighted by some authors, that a high salinity medium induced accumulation of low molecular weight (LMW) sugars that can act as osmoprotectants for

  h e t e r o t r o ph y e f f ec t , o n l y pa r t ia l s u g g es t io n s c o u l d b e pr o po s ed . It s e e med t o pr o v o k e a s ig n if ic a n t in c r e a s e o f t h e EPS f r a c t io n (28 %DW), bu t a s n o in f o r ma t io n w a s a v a il a bl e c o n c e r n in g t h e %DW o f t h e g l y c o g e n f r a c t io n o r o f t h e t o t a l s u g a r , it s e e ms d if f ic u l t t o a s s es s if t h e o b s er v ed e f f e c t c o u l d b e c o n s id e r e d a s be in g s pe c if ic o f t h e EPS f r a c t io n a n d t o w h ic h e x t e n d it c o u l d b e . Co mpl e me n t a r y in v e s t ig a t io n s a r e c l e a r l y n e e d e d t o t r y t o e l u c id a t e t h a t s pe c if ic po in t . Co n c e r n in g t h e ef f e c t o f t h e l ig h t in t e n s it y mo d u l a t io n , it a ppe a r e d v e r y in t e r e s t in g s in c e , w h en c o mpa r e d t o t h e n it r a t e l imit a t io n , it s e emed t o in c r ea s e n o t o n l y t h e g l y c o g e n f r a c t io n (45 %DW), bu t a l s o t h e EPS f r a c t io n (17 %DW). No c o u n t e r b a l a n c in g ef f e c t in v o l v in g t h e t w o f r a c t io n s c o u l d be o bs e r v e d h er e , a s mea s u r e d f o r t h e n it r a t e e f f e c t s . 3.1.2 Th e in c id e n t l ig h t a s t h e mo s t in f l u e n c in g c u l t u r e pa r a me t e r A closer inspection of the effects of light confirmed it s s ig n if ic a n t in f l u en c e o n t h e PS a bu n d a n c e a n d c o mpo s it io n , d if f e r e n t ia t in g t h e EPS f r a c t io n f r o m t h e g l y c o g e n f r a c t io n . Th e Fig u r e 2 il l u s t r a t e s t h e in f l u e n c e o f t h e in c r e a s in g l ig h t in t e n s it y o n t h e EPS a n d t h e g l y c o g e n a bu n d a n c e .Th e s e r e s u l t s s h o w e d a po s it iv e c o r r e l a t io n o f t h e g l y c o g en c o n t en t w it h t h e in c r e a s in g l ig h t in t en s it y , r e a c h in g 42 %DW f o r 250 µmo l hν m -2 s - 1[START_REF] Yoshikawa | Construction of a Genome-Scale Metabolic Model of Arthrospira platensis NIES-39 and Metabolic Design for Cyanobacterial Bioproduction[END_REF]. Ne v e r t h e l e s s , f u r t h e r in c r e a s e u p t o 700 µmo l hν m -2 s -1 d id n o t in d u c e h ig h er a c c u mu l a t io n , a s t h e g l y c o g en c o n t e n t w a s ev a l u a t e d t o be a r o u n d 45 %DW [46]. Fo r t h e EPS c o n t e n t , e v e n if a v a r ia b il it y w a s o b s er v ed f o r l o w in c id e n t l ig h t f l u x e s (< 200 µmo l hν m -2 s -1 ), v a l u e s r e ma in ed be l o w 15 %DW, e x c e pt in o n e s t u d y . Th e h ig h v a l u e o f 34 %DW o b t a in ed in [47] a t 180 µmo l hν m -2 s -1 c o u l d pr o b a bl y be e x pl a in e d by t h e s pe c if ic c u l t u r e c o n d it io n s . In t h is s t u d y , t h e c u l t u r e w a s c o n d u c t e d a t 40°C a n d t h e PS w e r e r e c o v e r ed in c u l t u r e me d iu m. Th is h ig h t emper a t u r e c o u l d h a v e in d u c e d a pa r t ia l c e l l u l a r d e a t h a n d l y s is , 20 a n d n o c o r r e c t io n o f t h e po t e n t ia l r e l e a s e d g l y c o g e n h a s b ee n pe r f o r me d . Th u s , a n o v e r e s t ima t io n o f t h e EPS a mo u n t c o u l d h a v e be e n e n c o u n t e r e d . Fo r a g r e a t er in c id en t l ig h t f l u x (> 200 µmo l hν m -2 s -1 ), t h e EPS c o n t en t pr o g r e s s iv el y in c r ea s e d u p t o 35 %DW. Thus, the glycogen content appeared to increase preferentially at lower flux intensities compared to the EPS fraction, for which an almost linear increase was observed. Th is f in d in g w a s o f f ir s t in t e r e s t s in c e l ig h t in t en s it y a ppe a r e d h e r e t o be a n impo r t a n t pa r a met e r f o r t h e mo d u l a t io n o f bo t h t h e g l y c o g e n a n d t h e EPS a mo u n t s .
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 2 Figure 2. In f l u e n c e o f t h e in c id e n t l ig h t in t e n s it y o n t h e ma s s f r a c t io n
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 322 Figure 3. Va r ia bil it y o f t h e mo n o s a c c h a r id es c o mpo s it io n in t h e EPS
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 2 Med ia n , me a n a n d RSD v a l u e s c a l c u l a t e d f o r ea c h mo n o s a c c h a r id e e n t er in g in t h e EPS c o mpo s it io n . Nin e t e e n c o mpo s it io n s w e r e a n a l y s e d , c o min g f r o m 11 pu bl ic a t io n s (e a c h pu b l ic a t io n c a n c o n t a in s e v er a l v a l u es d e pen d in g o n t h e c u l t u r e c o n d it io n s t e s t ed ). Gl u c o s e (Gl c ) w a s f o u n d in 17 a n a l y z e d EPS, g a l a c t o s e (Ga l ) in 15, r h a mn o s e (Rh a ) in 14, x y l o s e (Xy l ) in 12, a r a b in o s e (Ar a ) in 4, f u c o s e (Fu c ) in 6, f r u c t o s e (Fr u ) in 2, ma n n o s e (Ma n ) in 9, r ibo s e (Rib ) in 3, g l u c u r o n ic a c id (Gl c A) in 17, g a l a c t u r o n ic a c id (Ga l A) in 11, a n d s u l ph a t e g r o u ps (S) in 15. Glc Gal Rha Xyl Ara Fuc Fru Man Rib ND GlcA GalA S Median 8b t a in e d r e s u l t s (Ta bl e 2) in d ic a t e d a RSD v a l u e c l o s e t o 140 % f o r t h e w h o l e s et o f me a s u r e me n t s ma d e o n t h es e s u g a r s . It a l l o w e d t o d e t er min a t e t h e ma in s u g a r s (g a l a c t u r o n ic a c id , x y l o s e , r h a mn o s e , g a l a c t o s e , g l u c u r o n ic a c id a n d g l u c o s e) w it h a v a r ia b il it y l o w er t h a n 140 %, f r o m t h e min o r s u g a r s (f u c o s e , ma n n o s e , a r a bin o s e, r ib o s e o r f r u c t o s e) f o r w h ic h v a r ia bil it ie s ma y e x c e e d 350 %. Th is v e r y h ig h v a r ia bil it y c o u l d b e impu t ed t o t h e c u l t u r e c o n d it io n s , t h e me t h o d s o f e x t r a c t io n , bu t a l s o o n t h e a n a l y t ic a l me t h o d u s ed . In f a c t , a l a r g e d iv e r s it y o f me t h o d s c a n b e u s e d f o r t h e c o mpo s it io n a l d e t er min a t io n , e a c h o f t h em pr es e n t in g a d v a n t a g e s a n d d r a w ba c k s . In t h e a v a il a b l e s t u d ie s , ma n y c o mpo s it io n a l a n a l y s es h a v e be e n pe r f o r me d u s in g g a s c h r o ma t o g r a ph y (GC).

g l y c

  o s id ic l in k a g e s s h o u l d b e br o k en t o r el e a s e t h e c o n s t it u t iv e mo n o s a c c h a r id e s pr io r t o t h e ir a n a l y s is . Th is s t ep is c l a s s ic a l l y pe r f o r me d b y a c id ic h y d r o l y s is , b u t t h e c h o ic e o f t h e a c id , t h e t emper a t u r e a n d t h e d u r a t io n h a v e a s t r o n g impa c t o n q u a n t if ic a t io n r e s u l t s . A mil d h y d r o l y s is c o n d it io n c o u l d l ea d t o a n in c o mpl e t e r e l e a s e o f mo n o s a c c h a r id es a n d t h e n t o er r o r s in q u a n t if ic a t io n . As a n e x a mpl e , w h en u s in g HPAEC-PAD, d is a c c h a r id es a r e o f t e n e l u t e d f o r a r e t e n t io n t ime c l o s e t o t h a t o f t h e f r u c t o s e a n d c a n l ea d t o er r o r s in pe a k s a t t r ibu t io n if n o in t e r n a l s t a n d a r d s a r e u s e d . Fo r s t r o n g a c id h y d r o l y s is c o n d it io n s , a d e g r a d a t io n o f t h e mo n o s a c c h a r id es c a n o c c u r , l ea d in g t o t h e u n d er es t ima t io n o f s o me mo n o s a c c h a r id e s[START_REF] Bleton | Characterization of neutral sgars and uronic acids after methanolysis and trimethylsilylation for recognition of plant gums[END_REF]. In the data analyzed for this study, these kinds of errors could have occurred, that could explain a part of the observed variability, more especially for the rare detection of some monosaccharides (such as ribose or fructose which were described only in very few studies).Nevertheless, it has been chosen not to exclude any data and to consider all the available studies.Th e c o mpa r is o n o f t h e c o mpo s it io n s s h o w e d t h a t a mo n g t h en e u t r a l s u g a r s , s ig n if ic a n t d if f e r e n c e s a ppe a r e d b e t w e e n t h e t w o t y pe s o f pu r if ic a t io n s id e n t if ie d a s P1 a n d P2. Th e w o r k s o f Ha y a s h i et a l . [30], Lee e t a l . [31], a n d Ma jd o u b et a l . [32] h a v e e n a b l e d t o is o l a t e a n d c h a r a c t e r ize a po l y s a c c h a r id e f r a c t io n empl o y in g a pr o t o c o l o f t y pe P2, i.e . s t e r ic ex c l u s io n o r io n e x c h a n g e c h r o ma t o g r a ph y . Th e EPS is o l a t e d w a s pr e d o min a n t l y c o mpo s e d o f r h a mn o s e , f r u c t o s e , x y l o s e a n d t h e ir met h y l a t ed d er iv a t iv e s , b u t a c c o u n t ed f o r o n l y 0.6 % o f t h e bio ma s s a f t e r e x t r a c t io n , pu r if ic a t io n a n d f r a c t io n a t io n . It w a s t h e r e f o r e n o t u n r e a s o n a b l et o t h in k t h a t t h e d if f er e n c es o bs e r v e d be t w ee n P1 a n d P2 c o u l d b e ex pl a in e d b y t h e f a c t t h a t t h e pu r if ied EPS by P2 w o u l d n o t be t r u l y r epr e s en t a t iv e o f t h e t o t a l EPS, bu t t o a s u bf r a c t io n o f t h o s e EPS.In d e e d , o n t h e f ig u r e 4, t h e n e w l y g r o u pe d d a t a , a c c o r d in g t o t h e t w o l ig h t in t e n s it ie s r a n g es (l o w a n d h ig h ), s u g g e s t ed t h a t a n e f f ec t c o u l d be mo n it o r e d f o r t h o s e s pe c if ic l ig h t in g c o n d it io n s . Wh en in c r e a s in gt h e l ig h t , t h e t o t a l n e u t r a l s u g a r s a mo u n t in t h e EPS s e e me d t o be s ig n if ic a n t l y d o w n mo d u l a t e d (f r o m 83.6 %DW t o 55.0 %DW, p v a l u e = 0.022), w h e r e a s t h e t o t a l a c id ic c o n t e n t s e e me d t o b e u p mo d u l a t e d (f r o m 13.2 %DW t o 40.0 %DW, p v a l u e = 0.010), w it h a s u l ph a t e c o n t en t a ppe a r in g t o b e u n c h a n g e d (3.2 -4.9 %DW, p v a l u e = 0.367). Th is o b s er v a t io n w a s r e a l l y o f f ir s t impo r t a n c e a n d w a s n e v e r d e s c r ibe d be f o r e f o r s u c h o pe r a t in g c o n d it io n . It w a s t h e n pr o po s e d t h a t a mo d u l a t io n o f t h e c o mpo s it io n o f t h e EPS c o u l d be a s s e s s e d t h r o u g h t h e s impl e c h a n g e in t h e in c id e n t l ig h t in t en s it y . In o r d er t o c o n f ir m t h is a s s u mpt io n , it w a s d e c id ed t o a s s e s s q u a n t it a t iv e l y a n d pr e c is el y t h e e f f e c t o f t h a t pa r a me t e r b y c o n d u c t in g e x per ime n t a l c u l t u r es a t f o u r ir r a d ia n c es (100, 400, 800, a n d 1200 µmo l hν m -2 s -1 ) a n d t o a n a l y ze t h e po l y s a c c h a r id es r e pa r t it io n a n d f in e c o mpo s it io n .
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 43 Figure 4. In f l u en c e o f t h e l ig h t in t e n s it y o n t h e EPS c o mpo s it io n

  c h e mic a l e v o l u t io n o f t h e PS f r a c t io n f o r in c r e a s in g in c id e n t l ig h t f l u x e s As pr e v io u s l y d is c u s s e d , in c r e a s in g t h e l ig h t s e eme d t o pr o v o k e t h e a c c u mu l a t io n o f t h e t o t a l PS c o n t e n t , w it h a mo d u l a t io n o f t h e a b u n d a n c e o f t h e g l y c o g e n a n d t h e EPS f r a c t io n s . Th e g l o ba l c o mpo s it io n o f t h e EPS f r a c t io n s ee me d t o be a l s o impa c t e d by t h is c u l t iv a t io n pa r a me t e r , w it h s pec if ic mo d u l a t io n o f t h e n eu t r a l s u g a r a n d a c id ic s u g a r s . Th e Fig u r e 5 s u mma r ize d t h e r e s u l t s c o min g f r o m t h e bio c h e mic a l a n a l y s e s o f t h e PS f r a c t io n s pe r f o r me d o n t h e bio ma s s s a mpl e d f r o m t h e c u l t iv a t io n s u n d er in c r e a s in g l ig h t in t e n s it ie s .
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 61344 Figure 6. Ch a n g e s in t h e g l y c o g e n a n d EPS ma s s f r a c t io n a n d c o mpo s it io n

  e n g u e t y pe 2 v ir u s , u r o n ic a c id s w e r e n e e d ed , a s c a r bo x y l -r e d u c t io n o f t h e g l u c u r o n ic a c id s t o g l u c o s e u n it s a b o l is h e d t h e f u c a n s ' a n t iv ir a l pr o pe r t ie s . Wa g n e r et al.[START_REF] Wagner | Immunostimulating action of polysaccharides (heteroglycans) from higher plants[END_REF] pr o po s ed immu n o po t e n t ia t in g a c t iv it ie s o f r h a mn o g a l a c t u r o n a n s f r o m Sabal serrulata a n d Echinacea purpurea, w h ic h r e s u l t e d in a n en h a n c e d ph a g o c y t ic a c t iv it y o f g r a n u l o c y t e s a n d o r ma c r o ph a g e s . In t h is s t u d y , po l y a n io n ic s t r u c t u r e s s h o w ed a n in c r e a s e d a c t iv it y c o mpa r e d t o t h e n eu t r a l po l y s a c c h a r id es bu t t h e l a t t e r r e ma in e d a c t iv e . Th e n t h e mo n o s a c c h a r id e c o mpo s it io n c a n a l s o h a v e a n impa c t o n t h e e f f ic ien c y o f t h e me a s u r ed a c t iv it y . As a n e x a mpl e , s o me bio l o g ic a l a c t iv it ies d es c r ib e d f o r t h e f u c a n s ma y be in r el a t io n t o t h e ir h ig h c o n t e n t in t h e mo n o s a c c h a r id e f u c o s e , e v en if t h is a s s u mpt io n is s t il l u n d e r d is c u s s io n . Ot h er e v id e n c e f o r t h e r o l e o f t h e mo n o s a c c h a r id e c o mpo s it io n is t h e w o r k o f Sh e n g et al. [60] w h o h a v e t e s t ed t w o f r a c t io n s o f po l y s a c c h a r id es ex t r a c t ed f r o m Chlorella pyrenoidosa. Ev e nif , bo t h f r a c t io n s e x h ib it ed a h ig h a n t it u mo r a c t iv it y , o n e o f t h e m w a s mo r e e f f ic ien t t h a n t h e o t h er , d if f e r in g in it s mo n o s a c c h a r id e c o mpo s it io n e x h ib it in g r h a mn o s e a s t h e ma in mo n o s a c c h a r id e (a n d g a l a c t o s e f o r t h e s e c o n d o n e ). Ha y a k a w a et al.[START_REF] Hayakawa | Inhibition of thrombin by sulfated polysaccharides isolated from green algae[END_REF] t e s t ed s u l ph a t e d po l y s a c c h a r id es f r o m 23 g r e e n a l g a e s pe c ies f o r t h eir a n t ic o a g u l a n t a c t iv it ies . Al l s a mpl e s c o n t a in ed s imil a r a mo u n t s o f s u l ph a t e g r o u ps bu t d if f e r e n t ma in mo n o s a c c h a r id e s . Th e a r a b in o s e -r ic h po l y s a c c h a r id es w e r e f o u n d t o b e mo r e po t e n t t h r o mb in in h ib it o r s t h a n t h e g a l a c t o s e -r ic h o n e s , b u t t h e be s t b e in g t h e r h a mn o s e -r ic h po l y s a c c h a r id e f o r w h ic h t h e in h ibit io n w a s s t r o n g e r t h a n t h a t o f h e pa r in . Ho w e v er , o t h e r pa r a me t er s s h o u l d h a v e a n impl ic a t io n o n t h e l ev el s o f t h e t e s t e d a c t iv it ie s (t y pe o f a c t iv it y , d if f e r e n c e s in a c t in g me c h a n is m, mo l e c u l a r ma s s a n d br a n c h in g pa t t er n o f po l y s a c c h a r id es …), e x pl a in in g t h e d if f ic u l t y t o e s t a b l is h a c l e a r s c h eme f o r t h e s t r u c t u r e -f u n c t io n r e l a t io n s h ip.

  be e n pe r f o r me d u s in g t h e r h a mn o s e -r ic h EPS, pr e v e n t in g t o c o n c l u d e o n t h e impl ic a t io n o f t h is mo n o s a c c h a r id e pr es e n c e o n t h e bio l o g ic a l a c t iv it ies . Reg a r d in g t h e po t e n t impl ic a t io n o f t h e EPS c o mpo s it io n o n t h e bio l o g ic a l a c t iv it ies , it t h u s a ppe a r s t h a t in c r e a s in g t h e l ig h t f l u x ma y h a v e a s t r o n g impa c t o n t h e e f f ic ien c y o f t h o s e PS by d e c r e a s in g t h e ir u r o n ic a c id s , r h a mn o s e a n d f u c o s e c o n t e n t s .4 Co n c l u s io n In t h is w o r k it w a s po s s ibl e t o o bt a in , a t t h e b es t a c h ie v a bl e , a n o v e r v iew o f Arthrospira platensis PS a c c u mu l a t io n a n d c o mpo s it io n a s a f u n c t io n o f t h e o pe r a t in g c o n d it io n s . Th e me t a -bib l io g r a ph ic a n a l y s is pr o po s ed is t h e f ir s t o n e per f o r me d o n t h is k in d o f d a t a , h ig h l ig h t in gt h e g r ea t v a r ia bil it y o f t h e r es u l t s a mo n g t h e a u t h o r s d u e t o d if f e r e n t o pe r a t in g c o n d it io n s o r e x t r a c t io n /a n a l y s is me t h o d s , bu t a l l o w in g a l s o t o d e f in e c l ea r t e n d e n c ies . It a ppe a r e d t h a t a mo n g t h e o pe r a t in g c o n d it io n s , t h e l ig h t in t e n s it y c a n s t r o n g l y mo d u l a t e t h e PS a c c u mu l a t io n (EPS a n d g l y c o g en ) a n d t h is pa r a met e r w a s s t u d ie d e x pe r ime n t a l l y t o c o n f ir m o u r a s s u mpt io n . Th e r e s u l t s h a v e s h o w n

Table 1 .

 1 Me

	Median mass fraction in % DW [min-max] (RSD %)	Total sugar	Glycogen	EPS
	All conditions	35 [7.7-74] (52%) 18 [5.8-65] (70%) 13 [1.5-42] (65%)
	High temperature	41 [23-58] (27%) 21 [19-24] (16%) 23 [3.4-42] (45%)
	Low temperature	27 [7.7-74] (65%) 16 [5.8-65] (72%) 8.1 [1.5-17.8] (50%)
	Nitrate limitation	44 [24-74] (37.5%) 42 [40-65] (26%)	10 [2-42] (89%)
	High salinity	51 [47-56] (13%)	13 [12-14] (7%)	14 [10-18] (24%)
	Heterotrophy	-	-	28 [12-36] (31%)
	High light intensities	27 [23.6-42] (23%) 45 [42-65] (25%)	17 [7-42] (57%)
	Fo r t h e h ig h t e mpe r a t u r e c o n d it io n , t h e r e s u l t s s u g g es t e d t h a t t h e PS
	%DW w er e g r ea t e r t h a n t h e g l o ba l med ia n c o mpo s it io n w h a t e v e r t h e
	f r a c t io n w a s s t u d ie d . Mo r e o v e r , t h e RSD w a s f o u n d l o w e r , s u g g es t in g a
	l o w er v a r ia bil it y in t h e r es u l t s f o r t h is o pe r a t in g c o n d it io n . At t h e
	o ppo s it e , f o r t h e l o w t e mpe r a t u r e c o n d it io n , it a ppe a r e d t o d e c r ea s e

d ia n v a l u e s a n d RSD (%) c a l c u l a t e d f o r ea c h c u l t u r e pa r a me t e r . Th e d a t a w e r e e x t r a c t e d f r o m 28 pu bl ic a t io n s (ea c h pu b l ic a t io n c o u l d c o n t a in s e v e r a l v a l u e s d e pe n d in g o n t h e t es t e d c o n d it io n s ). Al l c o n d it io n s w e r e g r o u pe d t o g e t h e r , n =24 f o r t o t a l s u g a r s , n =15 f o r g l y c o g e n , a n d n =50 f o r EPS. e a c h f r a c t io n a mo u n t , a n d e s pe c ia l l y t h e EPS o n e (8.1 %DW). Nev er t h e l e s s , t h e v a r ia bil it y o b s er v e d r e ma in ed v e r y h ig h . In f a c t , t h e min ima l a n d ma x ima l v a l u e s o bt a in e d f o r t h e t o t a l s u g a r s a n d t h e g l y c o g en , w h e n a l l c o n d it io n s w e r e a n a l y s e d , c o r r e s po n d e d t o t h is l o w t e mpe r a t u r e c o n d it io n . It is t h u s d if f ic u l t t o c o n c l u d e o n t h e

  er ir r a d ia n c e , c o n f ir min g t h e t e n d e n c y o bs e r v e d by t h e c o l o r ime t r ic a s s a y s . Th e n , a c c o r d in g t o t h es e r e s u l t s , a n d e v e n if t h e EPS f r a c t io n w a s s l ig h t l y in c r e a s e d w it h t h e in c id e n t l ig h t f l u x , it g ic a l a c t iv it y , s o me a n io n ic po l y s a c c h a r id e s ex h ibit in g u r o n ic a c id s in t h e ir s t r u c t u r e (bu t n o s u l ph a t e g r o u ps ) w e r e s h o w n t o be a c t iv e, h y a l u r o n ic a c id be in g o n e o f t h e mo s t ex t e n s iv e l y s t u d ie d

	a ppe a r e d t h a t t h e c o mpo s it io n o f t h e EPS f r a c t io n w a s s t r o n g l y e x a mpl e . Fo r in s t a n c e , Hid a r i et al. [58] h a v e d e mo n s t r a t e d t h a t t o
	a l t er ed . o b t a in a c t iv e f u c a n s a g a in s t t h e d	
	Th e mo d u l a t io n o f s o me mo n o s a c c h a r id e t h a t w a s o bs e r v e d in t h is
	s t u d y c o u l d h a v e s ig n if ic a n t impo r t a n c e f o r t h e po t en t ia l a ppl ic a t io n s
	a s s o c ia t ed t o t h e s e EPS. Th e po l y s a c c h a r id e s a r e k n o w n t o ex h ibit
	ma n y	b io l o g ic a l	a c t iv it ie s . Fo r	in s t a n c e , g l y c o a min o g l y c a n s
	t o be a s u f f ic ie n t pa r a met e r , a s s h o w n in 2015 by Ro u s s e l et al. [56] f o r
	a n t ipa r a s it ic a c t iv it y . Se v er a l po l y s a c c h a r id e s f r o m a l g a e w e r e
	t es t e d , d e mo n s t r a t in g t h a t t h e mo r e a c t iv e o n e w a s n o t t h e mo r e
	s u l ph a t ed , a n d h ig h l ig h t in g a po s s ib l e impl ic a t io n o f t h e po s it io n o f t h e
	s u l ph a t e g r o u ps . Th e s a me c o n c l u s io n w a s o b t a in e d by Ro pel l a t o et al.

e n t , l ea d in g t o o n l y 1.1% o f t h e a c id ic s u g a r s in t h e EPS in s t e a d o f 6.2 % a t l o w c o n s t it u t e s a f a mil y o f po l y me r s w it h h ig h s u l ph a t e c o n t en t (e x c ept h y a l u r o n a n ) t h a t h a v e b ee n d e s c r ib ed a s a n t it u mo r , a n t iv ir a l , o r a n t io x id a n t a g e n t s . Ma n y a u t h o r s h a v e c l a ime d t h a t a c t iv it y is d ir ec t l y l in k e d t o t h e s u l ph a t e c o n t e n t o f t h e po l y s a c c h a r id e , a s it ma y in t er a c t w it h pr o t ein s s u c h a s r e c e pt o r s o r g r o w t h f a c t o r s

[START_REF] Hayman | Role of sulfated glycans in adherence of the microsporidian Encephalitozoon intestinalis to host cells in vitro[END_REF][START_REF] Hintze | Sulfated hyaluronan and chondroitin sulfate derivatives interact differently with human transforming growth factor-β1 (TGF-β1)[END_REF][START_REF] Kreuger | Interactions between heparan sulfate and proteins: The concept of specificity[END_REF][START_REF] Corsuto | Sulfation degree not origin of chondroitin sulfate derivatives modulates keratinocyte response[END_REF]

.

Ov e r t h e l a s t d e c a d e , t h e EPS f r o m ma r in e o r g a n is ms (s e a w e ed s , mic r o a l g a e a n d c y a n o b a c t e r ia ), t h a t a r e f r eq u en t l y s u l ph a t e d , h a v e t h e n g a in in t er es t a s t h ey ma y a c t a s mime t ic s o f g l y c o a min o g l y c a n s

[START_REF] Raposo | Marine polysaccharides from algae with potential biomedical applications[END_REF][START_REF] Raposo | Bioactivity and applications of sulphated polysaccharides from marine microalgae[END_REF]

. Ho w ev er , it is s t il l v er y d if f ic u l t t o r e l y a s t r u c t u r e a n d a bio l o g ic a l a c t iv it y . Fo r in s t a n c e , t h e l ev e l o f s u l ph a t io n a ppe a r s n o t

[START_REF] Ropellato | Sulfated heterorhamnans from the green seaweed Gayralia oxysperma: partial depolymerization, chemical structure and antitumor activity[END_REF] 

w h il e t es t in g po l y s a c c h a r id e s f r o m t h e s e a w ee d Gayralia oxysperma f o r a n t it u mo r a c t iv it y . Mo r e o v e r , a n d d e pe n d in g o n t h e t es t e d 36 bio l o
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