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Abstract

Polysaccharides (PS) from photosynthetic microasyas have gained interest over the last
decade, due to very large variety of chemical stines and potential original physico-
chemical and/or biological properties. Among thethhe cyanobacteriumArthrospira
platensis is one of the most studied strains. However, deipgnon studies, diversity of PS
(EPS and glycogen) amounts and compositions angopeal, and no clear link could be
established to theulture conditionsThe aim of this study was to investigate thoseot$

by performing a bibliographic meta-analysi$e incident light was identified dee most
influencing parameterand was investigateec:xperimentally in photobioreactors. The
produced PS were quantified and analyzed, confgrifat glycogen and EPS amounts are
strongly affected by this parameter, with EPS/gfero ratios decreasing from 3.1 at 100
pmok, m?s'to 0.6 at 1200 pmel m? s, Moreover, a significant decrease in uronic acids

of EPS was observed for high light fluxes.

Keywords Polysaccharides, Exoplysaccharides, Glycogen,
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1 Introduction

Over the last decade, the use of microalgae fod theneration biofuel production and
carbon dioxide sequestration has become a challemmgklwide, giving rise to a huge
number of studies on these photosynthetic micrausgas (for a recent overview, see [1]).
Among them, cyanobacteria are a large and widedpgraup of photoautotrophic
microorganisms that combine the ability to perfaosygenic photosynthesis with typical
prokaryotic features [2]. In that phylum, the sge&ithrospira platensis is one of the most
studiedcyanobacteria that is industrially produced maiiolyits wealth in proteins and its
use as food supplements. Nevertheless, other cardpowith potential commercial interest
are also accumulated during its growth, such as@ids (phycocyanins) or polysaccharides
(PS). Among those high value products, the PS @tebly less investigated but could be of
first importance since the polyglucans sourced fagher biological model (macroalgae or
bacteria for example [3, 4]) are exploited by induss hydrocolloids (gelling, thickening,
emulsifying agents) or biological agents (substisufor glycosaminoglycans, elicitors,
antioxidants, etc) [5, 6].

Photosynthetic microorganisms in general and cyacksia in particular are able to
produce large chemodiversity of PS, playing differeles within the cells. As for higher
plants, cellulose, hemicellulosesich asxylan polysaccharidesor pectins,are the main
components ofcell walls but a great diversity exists [7]. They also aculate
polysaccharides as storage molecules, especiatlgrumon-optimal cultivation conditions,
such as starch for eukaryotic microalgae and glgnofor cyanobacteria. But some
photosynthetic microorganisms also produce intergsixocellular polysaccharides (EPS),
along with growth or undespecific conditions that could be, depending on specie,
associatedvith nutrient depletion, high salinity, high light flagand so orf8-12]. Inthose

environmentalconditions, EPS are supposed to provide protect@gainst



various biotic and abiotic stresses or to facilieathe attachment of
the microorganismto a solid substrate [12-15].

These EPS have gainederest due to ®mery large variety of chemical structures and, as a
consequence, a great variety of physico-chemidlpatential original biological properties
[8]. However, the data available in the literatare somehow confusing because a great
heterogeneity exists. Depending on the photosyistin@troorganisms, the polymer can be
totally excreted into the surrounding medium or aered more or less tightly bound to the
cells. Depending on the studies, the “free” polysmean be found under the denomination of
exopolysaccharide (EPS), mucilage, or released aysgccharide (RPS). Concerning the
bound polymers, they areften called capsular polysaccharides (CPS) or bound
polysaccharides (BPS). For the specific case ofcjfamobacteriait is generally admitted
thattheexocellular PSare mainly constituted of CPS, with only a small
amount found as RPS [8, 12Jevertheless, this aspect is controversial,
as some species does not produce CPS at all, whefea others, RPS
amounts exceeded those of CPS [16]. In the cas€RS, this implies that

a chemical or physical treatment is needed to exdtrahem,that may
finally induce differences in the quality of thetenacted polymer and
therefore differencesin theresults of the composial analyses,due
to methodological biases.

So, when investigating the influence of tlhelture conditionson the

PS abundance oromposition (inorder to assess for example new
insights on the metabolic plasticity afyanobacteria)it is extremely
difficult to compare previous investigations frome study to another
since a large heterogeneity of definitions and pootls exists inthe
literature. Concerning the specific case Arfthrospira platensis, no clear

consensus arisefrom the published data about PS (including EPS)
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optimized production conditions or characterizatio®ur statement
hypothesis was that theilture conditionstrongly influencehe PS accumulation and more
particularlythe EPS composition fromrthrospira platensis.

In the present work, it is proposed to bring hights on that specific topic, and to
investigate experimentally the effect of the mastuencingculture parameteon the PS
production by the cyanobacterathrospira platensis. For that purpose, the results coming
from a bibliographic meta-analysis will be firstenpreted. Specific focus will be on the
influence of the culture parameters on the PS amspwxpressed as total sugar,
glycogen and EPScontent in the biomaBata on EPS composition such
as uronic acids, sulphate content and monosaccharddmposition
will be also considered. Once the most influencipagrameter will be
identified (defined as the one who induces signafid variability in PS
abundance and/or EPS composition), it will be experimentally

investigated in photobioreactors and the produc8&aRalyzed.

2 Material and methods

2.1 Standards andreagents
Solvents and standards were purchased from Signdr-&lh (I'lsle
d’Abeau, France), Acros Organics (Noisy le Grandahkce) or Prolabo

(Fontenay sous bois, France).

2.2 Arthrospira platensisbiomass production

The cyanobacteriumrthrospira platensis PCC 8005 (Institut Pasteur, Paris,
France)was axenically grown in a modified Zarromkdium[17].

The cultures (3 independent cultures for each ¢mmjiwere conducted in the batch mode
in a torus-shaped photobioreactor illuminated oa sile as described )¥8] so that the

light transfer attenuation occurred only along ¢héure depth. Its working volume was 1.3
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L with a reactor thickness L = 0.04 iThe PBR was exposed to constant illumination with
incident Photons Flux Density (PFDs) of 100, 4000 8r 12001mol, m?s™ delivered by a
panel of light-emitting diodes (LEDs) placed at theface of the PBR and determined using
multi-point measurements with a cosine quantum a@e(id-190SA, LI-COR®).pH and
temperature were monitored and controlled durirggekperiment (Mettler Toledo® Inpro
3253SG/120/Pt probe). Temperature was set at 35ahtCpH was initially set at 9.5 by
modifying Zarrouk medium afl9] with 105 g L™ NaHCQ and 76 g L™* NaCO; and
maintained at $+0.1 during the experiment by setting bubbling,G@®.7%, Air liquide®)
into the culture at a flow rate of 11 mL rifinAn additional N (99%, Air Liquide®)
bubbling was performed continuously at a flow ratel0 mL min™. The CQ and N gas
flow rates were controlled and regulated by masw fineters (respectively, EL-FLOW F-
201CV-020-RAD-33-Z and EL-FLOW F-201C-RAD-33-V, Brkhorst®). Stirring speed
was set to 300 rpm. Each culture was inoculategtach an initial biomass concentration
between M2 and 0159 L™* in the modified Zarrouk medium.

Growth was followed during cultures using dry weigimeasurements,
by filtering a constant volume V of culture on mheed (110°C for 24h) and pre-weighed
(Mettler Toledo, AB204) 0 um glass fiber filter (VWR or Fisherbrand). Ceilsre rinsed
with de-ionized water before drying at 110°C foth24 he filter weight difference for a
given volume allows estimation of biomass concéiuna expressed ig L™. Dry weight
concentration was measured every day for 100 a@du4®l, m? s* batch cultures and
twice a day for 800 and 12Q0mol, m*?s* batch cultures.

During growth, nitrate concentration of the culturmedium was
determined by ionic chromatography from the cultwsapernatant obtained after
centrifugation (12100 g, 30 min, 20°C, Minispin® ggmdorf). NQ anions were analyzed

by a Dionex ICS 900 chromatograph (Thermo SciemtiBquipped with an AG9-HC



(4x50mm) column and a AS9-HC (4X250mm) pre-coluniitrate concentration was
measured every day for 100 and 4080}, m?s® cultures and twice a day for 800 and
1200pmok, m?s* cultures. The eluate was a sodium carbonate sol(®d7 mM NaCO;
and 0.13 mM NaHCg) and was set at a flow rate of 0i8L min™. The eluent for the
AMMS®3000 4 mm chemical suppressor is a 25 mM sidgfacid solution at a flow rate of
1.82mL min™,

All analyses during cultures (both dry weight measents and nitrates quantification)
were performed in triplicates.

Total biomass productivity frexpressed imy L™ h™ or kgx m*s?) was determined for the
four investigated operational conditions. It wasessed from linear regression during the
observed linear growth phase once the physicatdiion by light transfer is achieved. Total
biomass productivities were compared to the themdetvalue given by the following

relationship20] :

_ 2Xa
rX,maxszx¢XKx1+a

Ea
_ f _ fBa 2
“= |Ea+2xbxEs @)

with the maximum energetic yield for photon conwamg,, = 0.80 + 0.02 ; the mass

1 an
X —xIn(1+—) (1)

with :

quantum vyield for biomass formatiop = (1.85 + 0.10).107° kg, Hmf’lii; ; the half
saturation constant for light harvestikig= 90 + 5 umolhv m~2 s~ 1; the reactor thickness
L =0.04m; the incident photon flux density (PF@), (umolhvm™2s~1); the mass
absorption coefficienfa = 162 + 8 m? kg'! ; the mass scattering coefficieit = 640 +
30 m? kg! ; the back-scattered fraction for radiatios= 0.03 1072 [20].

The volumetric photon absorption rate,, (expressed inmol, m> h®) can thus be

determined from the measured experimental biomaskuptivities as follow$20]:
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2.3 EPS purification

Once the culture reached concentrations betweerd Bg L™, cells were harvested during
the linear growth phase by centrifugation (500B@,min, 4°C in a Sorvall® RC-6 Plus
Centrifuge) and were washed successively with 0.8G%6! solution, 0.45% NaCl solution
and de-ionized water (milli-Q® Millipore). These successive decreasing NacCl
concentrations solutions allowed washing the cgith progressive osmotic modifications,
preventing cellular lysisThe supernatants containing RB&tial and from the washing)
were collected and pooled for further purificati@PS extraction from cells was conducted
according to a protocol derived from Filali-Mouh#hal.,[21]. Briefly, biomass pellet was
resuspended in buffer (pH 9.5) to reach a biomassvdight concentration between 2.4 and
3.0 g L™. This buffer that limits cell lysis during the sgmuent step, consisted in TAPS
(0.05 M), EDTA (0.025 M) and NaCl (0.025 M). Thesu#ing suspension was heated at
100°C for 1 hour and a second centrifugation wasopeed (17000 g, 30 min, 20°C) to
recover the cell-free polymer in the supernatahe €ells were re-suspended in the buffer
for a second extraction. The resulting supernatahtie two consecutive extractions were
precipitated by addition of 10 volumes of 3% ceigiethylammonium bromide, which was
assumed to allow specific precipitation of acididygaccharides. After a new centrifugation
step (3600 g,L0 min 20°C, Micro R22, Hettich), pellet was resuspended.0 M KCI
before precipitation with 3 volumes of 96° ethar(@ft overnight at -20 °C) and
centrifugation (3600 g, 10 min, 20°C, Micro R22, tttd). These latter
solubilization/precipitation steps were repeatetivis with decreasing KCI concentration
solutions (0.75 and 0.3 M) in order to destabilizemplex between CTAB and

polysaccharide. The last precipitated polysacclkapdllet was then resuspended in pure



water (milli-Q® Millipore). These successive precipitations allowed removingtrabthe
proteins and the other impurities, but the saltsewaften co-precipitated [22]. In order to
achieve greater purity sample, the polysaccharidkitisn was ultrafiltered. Two
different ultrafiltration systems were used, depangion the volumes

totreat:

1- For large volumes (>200 mL), solutions wediafiltered using vivaflow
ultrafiltration system (Sartorius) and a 50kDa NM@@nembrane in order to
remove remaining salts. Diafiltration was stoppedtew conductivity of filtrate
was found as lower than 2S cni’. Polysaccharide solution was then
concentrated (volume reduction factor of 5) befoeeze-drying, or

2- For smaller volumes (<200 mL), solutions were diltrated using Amicon filter
cell through a 10 kDa MWCO polyethersulfone membrane ortBix®
Ultrafiltration discs, Millipore) and washed thrémes with the same volume of

the initial sample of de-ionized water (milli-Q® Nipore).

The polysaccharides were further analyzed in smiubr after freeze-drying.

2.4 Analytics

All analyses (both biochemical or chromatographitwlere performed

intriplicate.

2.4.1 Biochemical analyses of biomass and EPS sampl es

Total sugar content of samples was evaluated by Dobois method
[23] using glucose as standard. Uronic acids and neutmalgar
contents of EPSextracts were assayed wigtae-hydroxyldiphenyl and
resorcinol as described by respective[ and[25] using glucose and

glucuronic acid as standards. Quantification of heal sugars was



done according to the corrective formula describbyg [26]. The
results were expressed in mg*@f p-glucose equivalent (GIcEq) for
neutral sugars and img g*of p-glucuronic acid equivalent (Gl cAEQ)

for uronic acids. Sulphur content was deter minedthy turbidimetric

method[27] using KSOy as a standard. Results were expressethdng

of SOq equivalent (SGEq). Protein content was evaluated by the

Bicinchoninic acid method (Bicinchoninic Acid ProineAssay Kit, BCAL,
Sigma Aldrich)using BSA (Bovine Serum Albumin) asstandard.

Glycogen assay was performed according[28]. First, glycogen was extracted and
guantified by an enzymatic reaction. One mL of wdt sample (at a dry weight
concentration between 0.8 and Z38L™) was centrifugated (12100 g, 30 min, 20°C,
Minispin® Eppendorf) and the pellet was suspendednethanol for 45 min at 45°C to
extract chlorophylls and carotenoids. After anotbemntrifugation (12100 g, 10 min, 20°C,
Minispin® Eppendorf), the supernatant containingoadphylls and carotenoids was
discarded and the pellet containing the glycoges masuspended in 200 pL of a 3p%
KOH solution. Hydrolysis was performed at 100°C fa® min. After cooling down,
glycogen was precipitated by the addition of 600qilpre-chilled (4°C) absolute ethanol.
After an hour at -20°C, samples were centrifugate2ll00 g, 5 min, 20°C, Minispin®
Eppendorf) and the glycogen was collected in thiketpand washed twice with ethanol
using this same procedure. The pellet was finailgddat 60°C for 5-10 min to evaporate the
ethanol. The dried pellet was re-suspended in atate buffer (100 mM, pH=4.5Dne
hundred pL of an amyloglucosidase solution (Stardsay Reagent, S99144, Sigma-
Aldrich) were added to 100 pL of the glycogen solutand the glycogen was hydrolyzed
into glucose for 15 min at 60°C. Glucose was phosghted by adenosine triphosphate

(ATP) in the reaction catalyzed by hexokinase (G&ec Assay Reagent, G3293, Sigma-
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Aldrich- 800 uL, 15 min at room temperature). Glsed-phosphate was then oxidized to 6-
phosphogluconate in the presence of nicotinami@éaiad dinucleotide (NAD) in a reaction
catalyzed by glucose-6-phosphate dehydrogenase D@G6RGlucose Assay Reagent,
G3293, Sigma-Aldrich). During this oxidation, anuegolar amount of NAD was reduced
to NADH. The consequent increase in absorbancd@n# was directly proportional to the
glucose concentrationfhe total blank has been calculated according ® td#chnical
bulletin, taking into account the contribution betabsorbance of the sample, the glucose

assay reagent and the starch assay reggtarch Assay Kit, Catalog Number SA20).

2.4.2 HPAEC-PAD analysis

Monosaccharide compositions of polysaccharides weeduated by High Pressure Anion
Exchange Chromatography (HPAEC) on an ICS 3000n®ipUSA) equipped with pulsed
amperometric detection (PAD) and AS 50 autosamptewas assembled with a guard
CarboPac PAl-column (4 x 50 mm) and analytical GRaz PAl-column (4 x 250 mm).
Before analysis, polysaccharide samples were hyziedlin 2 M HCI for 3 h at 100°C and
neutralized with 2M NBOH. Samples (Ing mL™") were filtered using 0.2 pm membrane
filter and injection volume was fixed at 25 pL. Befoeach injection, columns were
equilibrated by running during 15 min with 18 mM Old. Samples were eluted
isocratically with 18 mM NaOH for 25 min, followday a linear gradient between 0 to 0.5
M sodium acetate in 200 mM NaOH for 20 min to elatadic monosaccharides. Run was
followed by 15 min washing with 200 mM NaOH. Theeht flow rate was kept constant at
1 mL min*. Columns were thermostated at 25°C. Data wereceld and analyzed with
Dionex Chromeleon 6.80 software (Sunnyvale, USA)n&lituting monosaccharides were
first identified regarding elution time as compatedtandards.(Rha,D-Rib, L-Fuc,L-Ara,
D-Xyl, b-Man, b-Gal, b-Glc, b-GalN, b-GIcN, b-GalNac,p-GlcNac,D-GIcA, p-GalA), and

then confirmed by the internal standard method. Mf}Mi@ation of monosaccharides was
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then achieved by injecting several concentratidnstandard monosaccharides and plotting

response area as function of concentration.

2.5 Bibliographic meta-data organization and treatment

All the total sugar, glycogen and EPS contentsAoplatensis biomass available in the
literature were gathered in the Table Al (appendind depicted in Figure 1. These values
were gathered in different categories dependinthergrowh conditions.

To evaluate the effect of the temperature, the data classified in two categories. The first
category named LT (for low temperature) includéata obtained from biomass grown
between 20 and 30 °C, while the second categoneddatT (for high temperature) included
data obtained from biomass grown between 32 andC.38he temperature was not
mentioned folsomestudies]29-33].

To evaluate the effect of light intensity, the datre classified in two categories according
to the light conditions even though these cond#imere not directly comparable because of
the different photobioreactor geometries. Howeirethose particular cases, the categories
were formed according to the incident light intéysiThe first category named « LL » (for
lower light intensities) included data obtainednfr®iomass grown under light intensities
between 100 and 2Q0mok, m? s*. The second category named HL (for hitipht
intensities) included data obtained from biomassvgr between 200 and 3@0nol, m?s™.
The light intensity was not mentioned farmestudies]29-32] but were considered to be in
the low light category. The light intensity for thdata from[34] was estimated to be
approximately equal to 250mo}, m?s* according to the growth curve.

All the cultures in the selected studies were cotetll in PBR operated under batch
conditions, therefore the limitation was achievgddxucing the initial nitrate concentration
in the Zarrouk medium. In the standard Zarrouk miexlithe initial nitrate concentration is
1.8 L™, this category was named « +N ». In the case efithitations, the initial nitrate
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concentration was between 0.28 and less tham 0.8. This category was named « -N ».
The nitrate concentration or the culture medium matsmentioned foseveralstudies: [29-
31].

The category “High Salinity” included results olm@d forthe biomass grown in media
containing from 0.25 to 1 M NaCl addedtime Zarrouk mediuni35, 36] andfor medium
consisting of a mix of seawater and deionized waidr addition of 2.5 L™ NaNG;, 0.01

g L"'FeSQ:7H,0, and 0.08) L™ Na,EDTA [37].

The category “Heterotrophy” included results obeglfiorthe biomass grown ithe Zarrouk

medium with addition of 0.5, 1.5, and 2 Lt glucose[38]. Other parameters, such as

light cycle (continuous or day/night cycle), theeagf the culture where not taken into
account because there were mentioned in too fedestu

All the monosaccharide composition Af platensis EPS available in the literature were
gathered in the Table A2 (appendix) where all thlies were expressed in mass percént
the purified PSMost of the values corresponded to the publishddegeas they were
expressedn mass percent fraction. Some EBSmpositionswere expressed in molar
fraction, they were converted in mass percent takito account the fraction values given
in mass percent (for examplee sulphated sugars content wgpressed in mass fraction in
[34] and[30], sulphatel and acidic sugars were expressed in mass fracti@i| so that the
sum of sulphai& neutral monosaccharides and acidic monosaccisarigle equal td00%.
When the mass fraction was not mentioned, it wagpased to be not measured. For
example, the composition given Hg9, 35, 39] only took into account the neutral
monosaccharidesut no sulphatd or acidic sugars were mentioned. The compositigerny
by [29-31 34-35, 39-40pnly took into account neutral and acidic monosaddes. Filali

Mouhim et al.,[21], Lee et al.[31], Shekharam et al[33] quantifiedthe acidic sugars but
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as the amount of each acidic sugar was not memtjoneas assumed to be half glucuronic
acid and half galacturonic acid.

Depending on the culture conditions correspondingeash EPS compositions, several
groups were formed. These values were gatheredffiereht categories depending on
growth conditions. The definitions of “LT”, “HT”, “LL”, ‘HL”, “-N” and “+N” definitions
are the same as the ones used previously. Addiotize nature of EPS (RPS or CPS), and
the purification mode (P1 and P2), were added.

The EPS compositions published by Depraetere éttal, Majdoub et al[32] and Trabelsi
et al. [42] were classified in the « RPS » category becausg Were harvested in the
medium culture and separated from the cells bgafitin. The EPS compositions classified
in the « CPS » category corresponded to the PSinebtaby extraction step involving
heating/boiling in watef29-31, 33-35, 39)or in a low ionic strength solutiof21]. After
extraction the EPS were separated from other mi@sday precipitation with CTAB and/or
ethanol. The EPS compositions obtained with thie tgf protocols were named « P1 ». In
some studies, the purification steps were moreifspes they involved gel separation or ion
exchange chromatography and TCA treatméBb-32] leading to highly purified
polysaccharide fraction compared to PS obtainedCHAB and/or ethanol precipitation.

This second types of purifications were gatheretthéncategory named « P2 ».

2.6 Calculations and graphic plotting

The statistical analysis,data fitting and grappiots were performed
using R 3.2.1 and SigmaPlot 125 softwares. Expemtml values
correspon@d to the average values of 3 technical repeats peB n
biological independent replicates. Standard deviats were

calculated for these values. For the meta-bibliographic analysis,
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between n=7 and n=50 values were used, dependingtlomanalysed

available data

3 Results and discussion

3.1 Bibliographic meta-analysis of the PS aifthrospira platensis

3.1.1 Arthrospira platensisPS content and distribution variability

The first quantitative data published on the EPSAvthrospira platensis
dated back to the beginning of the 19908, 21. Since then, many works
have been carried out on this model cyanobacteriwh|owing
estimating by different methodological approacheéte PS amount
synthesized for varied culture conditions. Nevertheless, due t
differences in extraction protocols (P1or P2) aslivasin analytical
methods, it is extremely difficult to compare prewis investigations
fromone study to another and to clearly demonste alhe influence
of the culture conditions on the amount and the position of the PS.
The first part of this study was focused on the metnalysis of the
bibliographic data associatedith the global sugar composition found
in Arthrospira platensis biomass (total sugars, glycogen and EPS). 28
publications were analyzed, with 25 quantificatidata available for
the total sugars, 16 for the glycogen and 50 for theSEPaction
contents The detailed data and references are listed ia Thble Al
(appendix). The compiled data indicated that thelysaccharides
(EPS + glycogen) amount was very variable. The disttions
summarized in Figure 1 suggest that the median @mications in EPS
wereglobally low (13 %DW) compared to that in total sags (35 %DW)
but of the same order of magnitude as the storage sggamntent (18

%DW). These data have also been analyzed in terfs/ariability.
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However, all information sources taken togetherlaeive standard
deviation (RSD ~ [52%-70%], Table Werequite high, suggesting that a
great range of PScontent was found according te thstedculture
conditions. The Figure 1 illustrates also the PS data variatlyili
wheneverthe operating conditions were considered (modubatof the
temperature,the nitrate content, the light irramlda, the salinity or

theuse of glucose as carbon source).

80

All values

Nitrate limitation
High light intensity
High salinity
Heterotrophy

Low temperature
High temperature

60 -

coeeeo0O

40 -

Mass fraction (%pyy)

20 -

Total sugar Glycogen

Figure 1. PS variability according tdhe operating conditions such as
high temperature, nitrate limitation, high lightriadiance, addition of
NaCl or the use of glucose as carbon souridez datawere extracted
from 28 publications (each publicationould contain several values
depending on the tested conditions). All conditiomsre grouped
together, n=24 for total sugars, n=15 for glycogamd n=50 for EPS.
The boxplotsincluded themedians (black lines) antdhe means (red

dashed lines)The grey points correspond to the whole set of data
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whenever the operating condition tested. The otlkeetours highlight

the data for specific culture conditions.

The data associatedith the effect oftheoperating conditions were
also specifically extracted inorder to assess the effect of each
parameter compareido the reference conditiomhe mediarvalues and
RSD were calculated for each operating conditiondacompared to
the median calculated for the whole data §Bible 1).

Table L Median values and RSD (%) calculated for eachlture
parameter.The data were extracted from 28 publications (each
publication could contain several values depending dhe tested
conditiong. All conditions were grouped together, n=24 for total

sugars,n=15for glycogen,and n=50for EPS.

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%)P3 [3.4-42] (45%)
Low temperature 27 [7.7-74] (65%) 16 [5.8-65] (7298)1 [1.5-17.8] (50%)
Nitrate limitation 44 [24-74] (37.5%) 42 [40-65]%) 10 [2-42] (89%)
High salinity 51 [47-56] (13%) 13[12-14] (7%) 180-18] (24%)
Heterotrophy - - 28 [12-36] (31%)
High light intensities 27 [23.6-42] (23%) 45 [421635%) 17 [7-42] (57%)

For the high temperature conditionhé results suggested that the PS
%DW were greaterthan the global median compositiomhatever the
fraction was studied. Moreovethe RSDwas found lower, suggesting a
lower variability in the results for this operatingondition. At the
opposite, for the low temperature condition, it apped to decrease
each fraction amount, and especially the EPS onel (&DW).

Nevertheless,the variabilitgbserved remained very high.In fact,the
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minimal and maximal values obtained for the totalgsrs and the
glycogen, when all conditions were analysed, corgasded to this
low temperature condition. It is thus difficult toonclude on the
impact of the temperature on the PSaccumulationitaappeared to be
highly variable depending on studies.

Concerning the effect of the nitrate limitation, appeared tanduce
specifically anincrease of the glycogen fracti@ounterbalanced by
a decrease of the EPSfraction in a proportionalnmar. Nevertheless,
this observationmust be taken with care. If the increase in glycogen
content seemed clear (from 18 %DW all conditionsogped, to 42 %DW
in case of nitrate limitation, with RSD reduced 26 % instead of 70 %),
theresults ofthe EPScontentsremained very vhkéa(between 2to 42
%DW depending on studies) with RSD about 89 %. ffifiect of the salinity did
not provoke an increase of those PS, i.e. glycaeBPS,but an increase in total sugars
was noticed. It has been highlighted by some asthbat a high salinity medium induced
accumulation of low molecular weight (LMW) sugalat can act as osmoprotectants for
the cells [43]. For the specific caseAuthrospira, this has been identified as a nine-carbon
sugar named glucosyl-glycerol [44]. It seems theasonable to propose that the increase in
total sugars amount observed could be associat#étese LMW sugars (not measured in
those literature data).

Concerning the data extracted for the assessmerithefheterotrophy
effect, only partial suggestions could be proposdd.seemed to
provoke a significant increase of the EPS fracti@8 %DW), but as no
information was available concerning the %DW of tlgdycogen
fraction or of the total sugar, it seems difficultto assess if the

observed effect could be considered as being specdf the EPS
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fraction and to which extendit could be. Complementary
investigations are clearly needed to try to elucdidathat specific
point. Concerning the effect of the light intensitmodulation, it

appeared very interesting since, when compared thoe tnitrate

limitation, it seemed to increase not only the gbygen fraction (45
%DW), but also the EP& action (17 %DW)No counterbalancing effect
involving the two fractions could be observed hemes, measured for

the nitrate effects.

3.1.2 The incident Ilight as the most influencing culture
parameter

A closer inspection of the effects of light confedhit s significant influence on the
PS abundance and composition, differentiating tHRSEraction from
the glycogen fraction. The Figure 2 illustrates timdluence of the
increasing light intensity on the EPS and the glgea abundance.
These resultshowed a positive correlation of thgdycogen content
with the increasindight intensity, reaching 42 %DW for 250mol, m?s’

! [45]. Nevertheless, further increase up to 4080l m?s™ did not
inducehigher accumulation, ashe glycogen content was evaluated
to bearound 436DW [46]. For the EPS contenteven if a variabilitywas
observed for low incident light fluxes (< 200mol,m?s™), values
remainedbel ow 15 %DW, except in one study. The high value of%@@wW
obtained in[47] at 180 umoly,m?s* could probably be explained by the
specific culture conditions.In this studiyheculture was conducted at
40°C and the PS were recovered in culture medium. This high

temperature could have induced a partial cellulagath and lysis,
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and no correction of the potential released glycngkas been
performed. Thus, an overestimation blie EPS amountould have been
encountered. Fom greater incident light flux (> 20moly,m?s™), the
EPScontent progressively increased upto 35 %DW.

Thus, the glycogen content appeared to increasterprgially at lower flux intensities
compared to the EPS fraction, for which an almosdr increase was observethis
finding wasof first interest sincdight intensityappeared here tbe
an important parametefror the modulation of both thglycogen and

theEPSamounts.
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Figure 2. Influence of the incident light intensity on theasss fraction
of glycogen and EP8x4). The datawere extracted from 19 publications,

n=19fortheEPSand n=10fotheglycogen.

According to the previous data, the PS content segmo be very

variable, depending on the operating conditionse Mery specific case
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of the light intensity appeared to be interesting tinvestigate
regarding its differential effect on the EPSnd the glycogen
accumulation.In order to verify if thehangesobserved on the total
concentration of the different fractions did alsoffact the
monosaccharides composition of the EPS,a morei$ijgeganalysis of the
data available in the literature was performedhe Table A2
(appendix) summarized the data obtained after exttian and

formatting of the EPS compositional data from théerature (11

studies).
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Figure 3. Variability of the monosaccharides compositioim the EPS
fraction. Nineteen compositions were analysed, coming fralrh
publications (each publication can contain sevenalues depending
onthecultureconditions tested). Glucose (Glc) was found in I7tbe
analyzed EPS,galactose (Gal)in 15,rhamnose (Rhd4, xylose (Xyl) in

12, arabinose (Ara) in 4, fucose (Fuc) in 6, fruseo(Fru) in 2, mannose
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(Man) in 9, ribose (Rib) in 3, glucuronic acid (GArin 17, galacturonic
acid (GalA)in 11,and sulphate groups (S) in deThox plotsinclude the
medians (black lines) and the means (red dashead)nThe crosses

indicate the highest value encountered for eachdibion.

When regarding the available EPS compositional datuanmarized in
the Figure 3, a great variability could be observedftlwihe neutral
sugars content ranging from 21to 100 % atrihicc uronic acids fromOto
73 %. Depending on the studies, the main monosacgddes found were
not identical. As an examplefhe studies[29-33, 39, 41lhave found
rhamnose as the main monosaccharide (40 %DW or mavkeereas it was
not detected or to a very small amount in other ¢ies. Depending on
the studies, the main monosaccharides were identifaedglucuronic
acid and galacturonic acid, glucose, galactose,mhase, or xylose,
whereas the minor sugars were fucose, arabinose,nmae, fructose,
or ribose. This diversity of composition confiem one of the main
characteristics observed in the cyanobacterial ERS,they often
contain at least six monosaccharides. This featuraekes them quite
different from bacterial EPS that generally accouftr less than
four [12]. These compositions were analyzed in teoimvariability and
whatever the considereanethodological approaches (operating or
analytical conditions).

Table 2. Median, mean and RSD values calculated for each
monosaccharidentering in the EPS compositioNineteen compositions
were analysed, coming from 11 publications (eachblpoation can

contain several values depending on thelture conditionstested).
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Glucose (Glc) was found in 17 analyzed EPS, galasstqGal) in 15,
rhamnose (Rha)in 14, xylose (Xyl)in 12, arabindéea) in 4,fucose (Fuc)
in 6, fructose (Fru)in 2, mannose (Man) in 9, rdeo(Rib) in 3, glucuronic
acid (GlcA)in 17,galacturonic acid (GalA) in Idnd sulphate groups (S)

in 15.

Glc Gal Rha Xyl Ara Fuc Fru Man Rib ND GIcAGalA S

Mediar 88 56 3.6 22 O 0 0 0 0 0 13.C 42 3.7

Mean 114 11.2 17.7 51 3.7 22 19 50 50 55 207 6.7 4.0

F;;))D 102 120 120 135 307 167 418266 382 180 106 120 110

The obtained results (Table 2)indicat @ RSDvalueclose to 140 % for
the whole set of measurements made on these suglarasllowed to
determinate the main sugars (galacturonic acid, «sd, rhamnose,
galactose, glucuronic acid and glucose) with a weayiliity lower than
140 %, from the minor sugars (fucose, mannose, amade, ribose or
fructose) for which variabilities may exceed 350 %his very high
variability could be imputed to the culture conditions,the methads
extraction, but also onnhe analytical method used. In fact, large
diversity of methods can be used fohe compositionaldeter mination
each of them presenting advantages and drawbaceksheavailable
studies, many compositional analyses have been g@emed using gas
chromatography (GC). This method has the advantagebe of high
resolution and sensitivity[48], but its main drawback consists in
needing a mandatorderivatization step ofthe sugars priorto their
analysis. This derivatizatiostep has an impact on the compositional
analysis,as all monosaccharideses not presenthe sameeactivity

to the treatment, with some sugars thabuld be underestimated
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(especially uronic acidsgjue to a lower threshold detection [49ther
methods (HPLC-RID and HPAEC-PAD) presendn the contrarythe
advantagef needing no modification of theamplesbut with greater
uncertainties regarding the identification when #yheare not
conducted appropriately (shift of retention timerfexample)Among
these 2 liquid chromatographic methods, HPAEC-PADegents much
greater resolution than HPLCesulting ina better separation otfhe
monosaccharides. Nevertheless, for an optimal ideoation and
guantification,thecalibration should be performed for each analysis
sequence, andn internal standard should be usé@d confirm the
identification (analysis of sample supplemented hvithe suspected
monosaccharide and comparison withe native sample)Avoiding the
systematic usage of an internal standard and aogkicicalibration,
may therefore provoke strong errors in the
identification/quantification. Whatever the method chosen, the
glycosidic linkages should be broken to releaslee constitutive
monosaccharides prior to their analysi$his step is classically
performed by acidic hydrolysis, but the choice ohet acid,the
temperature andheduration have a strong impact on quantification
results. A mild hydrolysis condition could lead tan incomplete
release of monosaccharides and thenerrors inquantification. As an
example, when using HPAEC-PAD, disaccharides arteofeluted fora
retention time close tohat of thefructose and can lead to errors in
peaks attribution if no internal standards are uskdr strong acid
hydrolysis conditions, a degradation dafnhe monosaccharides can

occur,leading taheunderestimation of some monosaccharided. In
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the dataanalyzed for this study, these kinds of ermsld have occurred, thabuld explain
a part of the observed variability, more especially for therare detection of some
monosaccharides (such as ribose or fructose whesh described only in very few studies).
Neverthelessit has beerchosen not to exclude any data and to considehalvailable
studies.

The comparison of the compositions showed that agnahe neutral
sugars, significant differences appesd between the two types of
purificationsidentified as Pland P2. The works Hayashiet al[30], Lee
et al. [31], and Majdoub et al.[32] have enabled to isolate and
characterize a polysaccharide fraction employingratocol of type
P2 i.e. steric exclusion or ion exchange chromatopghma. The EPS
isolated was predominantly composed of rhamnosaictrose, xylose
and their methylated derivatives, but accounted forly 0.6 % of the
biomass after extraction, purification and fractetion. It was
therefore not unreasonable to think that the diffeces observed
between Pl and P2 could be explained by the facdtthhe purified EPS
by P2would not be truly representative of the tbtEPS, but to a sub-
fraction ofthose EPS.

Indeed, on the figure 4,the newly grouped datacarcding tothetwo
light intensities ranges (low and high), suggedtthat an effect could
be monitored for those specific lighting condition&hen increasing
the light, the total neutral sugars amount in thRSEseemed to be
significantly down modulated (from 83.6 %DW to 5324DW, p value =
0.022), whereas the total acidic content seemedbeoup modulated
(from 13.2 %DW to 40.0 %DW, p value = 0.01®jth a sulphate content

appearing to be unchanged (3.2 - 49 %DW, p value0.367). This
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observation was really of first importance and waesver described
before for such operating conditionlt was then proposed that a
modulation of thecompositionof the EPS could be assessed through
the simplechange inthe incident lightintensity. Inorder to confirm
this assumption, it was decided to assess quantvwedty and precisely
the effect of that parameter by conducting expemmel cultures at

four irradiances (100, 400, 800, and 12080!, m?s®) and to analyze the

polysaccharides repartition and fine composition.
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Figure 4. Influence of the light intensity on the EPS comjoasn
expressed in neutral, acidic sugars and sulphatateat.The data
were segmented into two groupshe high light (>200umol, m?s™) and
thelow light (<200pmoly,m?s?) group. The datavere extracted from 10
publications (each publication can contain sevenalues depending
ontheother culture conditionsested). For each component (neutral

sugars, acidic sugars or sulphates) n=7 for lowhitimand n=10 for high
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light. The box plots include the medians (black ¢8) and the means
(red dashed lineshe significancaests have been performed usinhlge
Tukey approach between the considered groups.#apuell 0.01, *: p-

valuell 0.05, ns: p-value > 0.05.

3.2 Experimental validation of the effect of the liglth the

PSaccumulation and composition

In order to verify if the incident light fluxes ireinsities could be
associated to a modulation of the PSabundanceamdpositionit was

decided to conduct comparable cultivations Afthrospira platensis in

highly controlled PBR. The incident light flux paneter was
modulated in the same ranges as those observed he meta-
bibliographic analysis and extended to extreme vadun order to
assess the metabolic limits oArthrospira platensis regarding the PS

fractions biosynthesis,i.e.thetotal sugars,gigcogen and the EPS.

3.2.1 Kinetic analysis in PBR

In order to check the robustness of the culture®wn in our PBR
cultivation system before analysis, the measuredwth rates were
first compared to the maximal theoretical valuedcalated fromthe
Cornet &Dussapormula [20]

The observed biomass productivities as a functidrnloe incident light
intensity are reportedn the Table 3 and compared to the expected
theoretical values. Globally the biomass growth eabcreased with
the incident PFD, and the experimental vs. theocaliy calculated
values were in rather good agreement with deviasidbnom the model

inferior to 3% for the best results.

27



Table 3. Biomass productivities (theoretical and experimah} and
volumetric photon absorption rate as a functiontdfe incident light

fluxes.n=3independent cultures per condition.

PFD Biomass theoretical Measured biomass Photon
(umol py m?s™) productivity productivity rxr(g L' absorptionrate
(g L*h™ 'h (molpm3h™
[20]
10C 8.9 16° 6.8 10° 37
400 2.0 16 1.8 16° 9.7
800 2.7 10° 2.9 107 15.5
120( 3.2 10° 3.110° 176

These results showed thatthe kinetic behaviour ofA. platenss was
perfectly and rigorously controlled in the PBRs time light of the
previous studies. Moreover, it validated that thatd could be
considered as being comparable and reproducibleach other since
no deviation from the expected behaviour was detwatwhich was
mandatory for the pursuit of the present study. $hut allowed
sampling the biomass at similar concentrations cugritheir linear
growth i.e. for a comparable physiologicatate, andio assess the PS
biochemical characterization. For each incident Hitg flux, the
volumetric photon absorption ratesi@l,m®h™) have been calculated
and reported inhe Table 3, showing also an increased value with the
PFD. This increase was found to be linear from tLOOSOOumoIth'Zs'l,
while for greater light intensity, an attenuationaw observed, with

the photon absorption rate about 1h&Il,m*h*at 1200umol, m?s™
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while 155molpm®h*was reached at 80pmol, m?s™ The difference
betweenthephoton absorption rates at 800 and 16® |, m?s*seemed
then quite low and it appeared reasonable to evdkuahe light
intensity effect within three main PFD ranges, ie200pumoly, m?s™ in

the range 02200-400pmoln,, m?s™ and >40Qumol, m?s™

3.2.2 Biochemical evolution of the PS fraction for incr®ag
incident light fluxes
As previously discussed, increasing the light seent®@ provoke the
accumulation of the total PS content, with a modtiomm of the
abundance of the glycogen and the EPS fractionse Tilobal
composition of the EPS fraction seemed to be alspaicted by this
cultivation parameter, with specific modulation blfie neutral sugar
and acidicsugars. The Figure 5summarized theresults commognthe
biochemical analyses of the PS fractions perforned the biomass

sampled fromthe cultivations under increasing ltight ensities.
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Figure 5. Changes inthe glycogen and EPS mass fraction according to
the increasing light. Each value corresponds to tdeerage of 3
technical repeats per biological replicates. Thember of biological
replicates was equal to 3he error bars correspond to standard

deviations.

At a first glance a strong increase of the incidehght intensity
seemed to inducean exponential accumulation of the glycogen,
associated to a linear increase of the EPS fractittn globally
confirmed the tendency observed in the meta-bibriaghic analysis
(Figure 2), exceptfor the high increase in glycogen content observed
for 1200 umok,m? s*. In the bibliographic analysisfhe glycogen
amounts appearedtoreach a plateau while incremshirelight flux up

to 700|1mo|h\,m'2 s', however no data was available for greater
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irradiances. It also suggested that lower light Xles should be
propitious to higher EPS relative accumulatiohan extreme fluxes
where glycogen seemed to be mostly synthesized.sUgport this
hypothesis, EPS/glycogen ratios have been calcubatfer each

incident light flux, giving 3.1 for 10Qumok, m?s™, 1.79 for 40Qumol, m*s’

' 154 for 800pmol,m?s™ and 0.64 for 120Qumolk, m?s*. Thus, when
increasing the light, the EPS to glycogen ratio med to decrease
linearly, suggesting a redirection dfhe carbon fluxes towards the
accumulation of storage sugars.

The Figure 6 illustrated thehanges inthe repartition of the EPS
fractions according to the light, but expressedtiarm of neutral

sugars, uronic acids and sulphate contents. Botlilibgraphic and

experimental results were plotted on that lategtufie.
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Figure 6.Changes inthe glycogen and EPS mass fraction and composition
(expressed in neutral, acidic sugars and sulphaaetent) according
to the increasing light for the current experimemind the data
extracted from the meta-bibliographic analysiShe bibliographic
data were extracted from 10 publications (each publicatican
contain several values depending on thelture conditionstested).
For each component (neutral sugars, acidic sugar swl phates) n=7
for low light and n=10 for high lightFor theexperimentaldata, each
value correspondedto the average of 3 technical repeats per

biological replicates. The number of biological femtes was equal
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to 3.The errorbars correspond to standard deviatioAsstatistical
analysis ofthe significance has been performed, comparing for each
light intensity range,the results fromthe bibliographic andthe
experimental studies (black), as well as betweehe ranges of
experimental results fothe neutral sugars (red)fhe uronic acids
(green) andthe sulphate content (blue). *: p-valul#0.01, *: p-valuel

0.05,ns:non significant, p-value >0.05.

When regarding more deeply tledhanges inEPS composition according
to the increasing light intensity (Figure 6), simitities could be found
with the literature data at fluxes lower than 4060l,m?s®* and
were confirmed by p-value calculations which weraimy found to be
non-significant. The only noticeable difference waslower acidic
sugars content (and then greater neutral sugarsuahpin our
experimental results as compared to the bibliogriapthata for the
range 200-400umoly,m?s™ Indeed, when looking at the compositions
experimentally obtained for the three light intenies ranges, the
acidic sugars content remained quite unchangedtfloe 2 first ranges
(no significant difference, p-value = 0.7), whiledreasing the light
above 4OOL1moIh\,m'Zs'1 disfavoured the accumulation of the acidic
sugars (significant differences, p-values = 0.024)the neutral ones
(significant differences, p-values = 0.024). Our poyhesis is that a
metabolic shift can have occurred between 400 afd u?nolh\,m'zs'l,
modifying the EPS composition. For theulphation degree, slight
modifications were observed on the average valu@srEase in
sulphate content between the 2 first ranges andnttecrease while
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increasing the light intensity) but it appeared be in a restricted
manner as differences were found not to be sigraifit.

Sugars analysis indicated moreover that the EP$ Womposition was
also influenced by the incident light intensityhe monosaccharide
composition of the EPS obtained at 100 and 8Q0nol,m?*s* were
reported intheTable 4.

Table 4. Monosaccharide compositiof¥o molar ratio)and fold changes
for the EPS obtained at 100 and 8@@nok, m?s™. Each value corresponds
to the average of 3 technical repeats per biologicaplicates. The

number of biological replicates was equal to 3.

Glc Gal Rha Xyl Ara Fuc GIcA GalA

100pmol, m?s™ 43.3 1.1 14 168 06 165 3.3 29

800pmolp, m?s™ 777 01 24 125 0 54 11 0

Fold chang +1.8 -11.C -5.€ -1.8 - -3.1  -3.C -

The analysis of thé&EPS composition produced for 1Q0mol,m?s™ has

shown that the main monosaccharide w&® glucose, followed by he
xylose,the fucose,therhamnose andheuronic acids.One important
modulation that was observed while increasingeincident light flux
up to 800pumol,m?s*was the strong increase in glucose content
(nearly by a factor 2), reaching 77.7 % of the EPBe other neutral
monosaccharides were found to significantly decreawith fold
changes between -1.3 to -Ilhe fucosewas reduced by a factor of 3,
while a 6-fold reductiorfactor was noticed fortherhamnose. Forthe
uronic acids,theincrease ohelight has induced the disappearance of
thegalacturonic acid and the decreaselmeglucuronic acid content,

leading to only 1.1%f theacidic sugars in the EPS instead of 6.2 % at
34



lower irradiance, confirming the tendency observedy the
colorimetric assays. Then, according to these résubnd even ifthe
EPS fraction was slightly increased witthhe incident light flux, it
appeared that the composition adafhe EPS fraction was strongly
altered.

The modulation of some monosaccharide thatas observed in this
study could have significant importance for the patial applications
associated to thes&PS.The polysaccharideare known to exhibit
many biological activities. For instance, glycoammlycans
constitutesa family of polymers with high sulphate contentx¢ept
hyaluronan) that have been described as antitumeomtiviral, or
antioxidant agents. Many authors have claimed thadtivity is
directly linked to the sulphate content oahe polysaccharide, as it
may interact with proteins such asreceptors or gth factor s[51-54].
Over the last decadethe EPS from marine organisms (seaweeds,
microalgae and cyanobacteria), that are frequensuyphated, have
then gain interest as they may act as mimetics bfcgaminoglycans
[5, 55]. However, it is still very difficult to rely a stucture and a
biological activity. For instance, the level of spHation appears not
to be a sufficient parameter, as shown in 2015 mu&sel et al. [56] for
antiparasitic activity. Several polysacchariddsom algae were
tested, demonstrating that the more active one was$ the more
sulphated, and highlighting a possible implicatiohthe position of the
sulphate groupsThe sameconclusion was obtained by Ropellatbal.
[57] while testing polysaccharides from the seawe@aralia oxysperma

for antitumor activity. Moreover, and depending othe tested
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biological activity, some anionic polysaccharideghebiting uronic
acids in their structure (but no sulphate group®re shown to be
active, hyaluronic acid being one of the most ex$mely studied
example. For instance, Hidarat al. [58] have demonstrated thato
obtainactive fucans againsthedengue type 2virus, uronic acidesere
needed, as carboxyl-reduction of the glucuronic dscito glucose
units abolished the fucans’ antiviral propertiesa®her et al. [59]
proposed immunopotentiating activities of rhamnogaturonans from
Sabal serrulata and Echinacea purpurea, which resulted in an enhanced
phagocytic activity of granulocytes and or macropges. In this
study, polyanionic structures showed an increasetlisity compared
tothe neutral polysaccharides but the latter remainediae. Then
the monosaccharide composition can also have anadhpon the
efficiency of the measureactivity. As an example, some biological
activities described forthe fucans may be in relation to their high
content in the monosaccharide fucose, even if tdssumption is still
under discussion. Other evidence for the rolettife monosaccharide
composition is the work of Shengt al. [60] who have tested two
fractions of polysaccharides extracted frdZhlorella pyrenoidosa. Even
if, both fractions exhibited a high antitumor acitiy, one of them was
more efficient than the other, differing in its mosaccharide
composition exhibiting rhamnose as the main monosaaride (and
galactose for the second one). Hayakawtaal. [61] tested sulphated
polysaccharides from 23 green algae species fbeir anticoagulant
activities. All samples contained similar amounts of sul phagroups

but different main monosaccharides. The arabinoseich
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polysaccharides were foundo be more potent thrombin inhibitors
thanthe galactose-rich ones, but the best beihlge rhamnose-rich
polysaccharide for which the inhibition was stromgehan that of
heparin. However, other parameters should havempiication on the
levels ofthe testedactivities (type of activity, differences in acting
mechanism, molecular mass and branching pattern of
polysaccharides...), explaining the difficulty to edilish a clear
scheme for thestructure-function relationship.

For Arthrospira platensis EPS, several biological activities have been
demonstrated, such as anticoagulant, antiviral,ialmtombogenic or
antioxidant [29-30, 32, 55, 62-64]Nevertheless, all these studies have
been performed using the rhamnose-rich EPS, preimrgnto conclude on
the implication of this monosaccharide presence tdne biological
activities. Regarding the potent implication of t{E®S composition on
thebiological activities, it thus appears that incrsgmag the light flux
may have a strong impact otrhe efficiency of those PS by decreasing

their uronic acids,rhamnose and fucose contents.
4 Conclusion

In this work it was possible to obtain, at the beathievable, an
overview of Arthrospira platensis PS accumulation and composition as
function of the operating conditions. The metaibadgraphic analysis
proposed is the first one performed on this kind défta, highlighting
the great variability of the results among the authodsie to
different operating conditions or extraction/analysnethods, but
allowing alsoto define clear tendencies. It appeared that amohg

operating conditions,the light intensity can strgdiy modulate the PS
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accumulation (EPS and glycogen) and this parameteas studied
experimentally to confirm our assumptiofihe resultshave shown
that the EPS/glycogen ratiwmasstrongly affected (from 3.1 at 1Q0nol,,
m?s* to 0.6 at 120Qumol, m?s?). Moreover,the uronic acids contentas decreased for
high PFD, and the neutral monosaccharidese modified suggesting potential modulation
of the biologicalactivities when obtained under such culture coods{increase in glucose
and decrease in rhamnose and fucose contents).

To our knowledge, this study gives for the firshéi a clear confirmation of the modulation
of an EPS compositiomnd of their potential biological activities as function of an
operating conditionespecially as a function of the light. Howevers iimportant noting that
this work opens the route to the fine study of ta&tionship between the illumination
conditions and the metabolic responseAatrospira platensis. Indeed the explanation of
such a behaviour is much more complex than a siifaigvard correlation between the light
intensity and its polysaccharide composition agaaly pointed out in this paper. Only
absorbed photons leading to charge separationtir@gohotosynthetic electron transport
chain have to be taken into account for explorind discussing changes in the metabolic
state. A specific development will be performedhe near future for discussing the results
in view of that, focusing also efforts on the etlation of the carbon fluxes repartition

throughout the common glycogen/EPS metabolic bitbesgis pathways.
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Appendix: Table A1 Total sugars, glycogen and EPS contents from bigti@phic analysis, as function of the

cultivation conditions

References Total sugar Glycogen EPS content Higher Nitrate Higher light Addition of  Glucose
content content (Yopw) temperatures limitation intensities (> 200 NacCl as carbon
(Yoow) (Yoow) (> 30°C) pmol m? s source

23 X
[65] 42 X X
36 X

[66] 44.4 X

[67] 74 X
13

24.8

[41] 7.7

74 X X

[40] 13

31.05
28.09
[34] 23.62
25.26
26.68

X [ X X X X X

[68] 65

32.95 X

[69]
57.53 X X
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40.63 X X
35.5 X
[36] 46.7 X
55.8 X
[70] 71.4 X
65 X X
[46] 45 X
18
[66] 40.2 X
[71] 63.2 X
13.7
10
[72] 13
19 X
24 X
13.3
14
[37] 5.8
12.1
[45] 42 X
[39] 7.29
[67] 1.7 X
1.5
7.6 X X
[34] 8.6 X X
10.3 X X
17.83 X
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9.4

[21]

17

[30]

13

[73]

13

[35]

27

6.6

7.5
11.34
6.09
5.69
5.94
7.47
12.57
5.13
9.94
14.84
17.78
12.77

X X X X X

[69]

15
21
13

x

X

[33]

3.95

[42]

3.4

[47]

10
34

[38]

11.8
19.1
16.4

X X X [X
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27.4
35
35.9
23.5
34.1
27.8
32.6
34.5

X X X X X X X X

X X X X X X X X

[74]

10
16
20
27
34
35

x

[19]

42

X | X X X X X
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Appendix: Table A2 Amount and composition data of the EPS after exttrian and formatting.

Ara Fuc Fru Glc Gal Man Rha Xyl Rib ND GIcA GaA S ON OA Analytical method Groups

2.8 6.2 88 4.1 - 55.1 10.1 - - 7.3 5.6 - 86.1 126 HPAEC-PAD [41] RPS, +N, LL, LT

- - - 145 56 21 537 44 100 11.1 - - - 1014 0.0 alditol acetate - GC [29] CPS, P1, +N, LL

00 00 00 425 00 575 00 00 00 00 o000 0.0 0.0 100.0 0.0 TMS deriestivGC [39] CPS, P1, +N, LL, LT
47.3 - - 04 0.0 - 2.2 - 0.0 - 47.8 - 24 498 477 CPS, P1, -N, HL, LT
0.0 - - 0.0 0.0 - 0.0 - 838 - 13.0 - 31 83.8 13.0 CPS, P1, -N, HL, LT
0.0 - - 1.3 393 - 0.0 - 0.0 - 56.2 - 33 405 56.1 HPLC - RID [34] CPS, P1,-N, HL, LT
200 - - 1.3 13.0 - 0.0 - 0.0 - 60.7 - 5.0 34.2 60.7 CPS, -N, HL, LT

0.0 - - 28 18.7 - 0.0 - 0.0 - 73.2 - 54 214 731 CPS, -N, HL, LT

- 5.3 - 16.6 22.4 traces 2.2 8.8 - ? 20.0 200 50 554 397 CPS, P1, +N, HL, HT

Methanolysis and
- 51 - 18.7 18.7 traces 25 9.9 - ? 20.0 20.0 5.0 548 40.1 CPS, P1, +N, HL, HT
trimethylsilylation / Alditol [21]
- 7.1 - 222 10.0 0.0 50 109 - ? 20.0 20.0 5.0 55.2 39.8 CPS, P1, -N, HL, HT
acetate - GC
- 4.9 - 10.8 9.2 2.2 15268 - ? 20.0 200 50 552 397 CPS, P1, HL, HT
- - 340 47 24 0.8 40.0 05 1.8 - 7.7 4.3 3.7 84.2 120 HPLC-RID [30] CPS, P2, +N, LL

54



alditol derivatives + acetylation -
47 815 137
GC and GC-MS

(31]

- 100 - HPLC

(35]

0.7 39.8 47

Methanolysis and
20.0 544 256
trimethylsilylation - GC

(32]

-243 13.0

37 825 138 Methanolysis - GC

[42]

143 423 19

3.2 836 13.2

1.0 80.0 19.0

(33]

CPS, P2, +N, LL

CPS, P1, +N, HL, HT

RPS, P2, LL

RPS, LL, HT

CPS, P1, +N

CPS, P1, +N





