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TN 7.1: GROWTH OF CLOSTRIDIA ON DIFFERENT CARBON AND 
NITROGENSOURCES AND FAECES. 

1. IJllxoductioIl 

, 

The proposed anaerobic digestion system of Melissa will be carried out by a liquefying 

compartment (Closrridium) followed by a phototrophic compartment (Rhodobacrer, Rhodospi- 

rillum). For the liquefaction compartment special attention is drawn on thermophilic ciostridia. 

Indeed, their metabolic characteristics are adequate for the anaerobic degradation of polymers, 

the main components of faecal matter. More specifically, Clostridium thennocellum and 

Clostridium thermosaccharolyticum deserve further examination for their metabolism 

concerning degradation of polymers in faecal matter. 

In this study, we tested the growth of Cl. thermosaccharolyticumand Cl. thermocellum 

on different carbon and nitrogen sources. We examined also the formation of volatile fatty 

acids (VFA), ammonium and other endproducts. 

2. Materials and methods 

Bacterial strains 

The strains used 

2811). 

Media 

were: Cl. thermocellum (ATCC 27405) and Cl. thermosaccharolyticum (LMG 

Cl. thexmosaccharolyticum (LMG 2811) and Cl. thermocellum (ATCC 27405) were grown 

anaerobically at 60 “C on media GS-3, SY and medium h!IJ described by Johnson et al. (1981). 

Media GS-3 and SY are rich non-defined media, while medium MJ is chemically defined. 

Different carbon sources were tested using medium SY omitting cellobiose. Different nitrogen 

sources were also tested using medium SY omitting ureum. Table 1 shows the composition of 

the media. 



Table 1. Composition of the media. 

Components MJ SY GS3 

FW&4 

M&l2.64H20 
CaC12.2H20 , 
FeS04.6H20 
Cellobiose 
Ureum 
Yeast-extrakt 
Trace solution (Pfennig, ‘66) 
Cysteine.HCl 
Resazurine 

1.5 g 1.5 g 1.5 g 
2.9 g 2.9 g 2.9 g 
1.0 g 1.0 g 1.0 g 

0.15 g ‘0.15 g 0.15 g 
1.25 mg 1.25 mg 1.25 mg 

5.0 g 5.0 g 5.0 g 
2.1 g 2.1 g 2.1g 

0.5 g 6.0 g 
8.0 ml 

0.25 g 0.25 g 0.25 g 
2.0 mg 2.0 mg 2.0 mg 

Analvtical methods 

Growth was determined by measuring the gas production. 

The composition of the gas in the headspace of the tubes was analyzed with a gas 

chromatograph (Intersemat 122 M).Carbondioxide is separated with a Poropak column 

while H2 and N2 are separated with a carbosieve column. 

Fermentation products (such as acetic acid, butyric acid, etc.) formed during growth 

were routinely determined by gas chromatography. Fatty acids were measured in 

acidified samples by gas chromatography, using a flame ionization detector. Samples 

for ethanol analyses were first centrifuged for 15 minutes at 2500 g and filtrated on a 

Millipore filter (0,45 pm). One microliter was injected in a gas chromatograph (FlD) 

3. Results 

3.1. Growth on various media 

Table 2 shows the gas production by the CIostridium strains grown on different media. 

Table 2. Gas production by two Clostridium strains, grown on media GS-3, MJ and SY 

(gas production / 50 ml medium). 

Strain MJ 
Gas production (ml) 

SY GS3 

C. thennocehm 13 25 37 
C. thermosaccharolytkum 10 84 87 
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Both Clostridium strains were able to grow on all the media tested. Cl. thermosaccharolyticum, 

grown on media GS-3 and SY, produced considerably more gas than Cl. thermoceilum. There 

was more gas produced by both strains on media GS-3 and SY than on medium MJ. 

3.2. Growth on various N- and C-squrces 

The growth of Cl. thermosaccharolyticum and Cl. thermocellumwas tested on different carbon 

and nitrogen sources. Table 3 shows the growth of both strains on medium SY. Different N- 

sources were tested; ureum was omitted and replaced by other N-sources. 

Table 3. Growth of Cl. thermosaccharolyticu and Cl. thermocellum on medium SY, 

containing different N-sources (0,98 g N / 1) 

NH4Cl 
Ureum 
T-pepton 
Yeast-extract 
Blanc0 

C. thermocelhm 
C02/H2Acetic acid Isovaler. 

@es/l> b-w/l> 

1.77 4.85 0 
3.36 3.46 0 
2.84 8.53 0.56 
3.75 6.16 0.36 
2.58’ 2.74 0 

C. th enn osa ccharolyticum 
C02/H2 Acetic acidButyr. acid 

b--S) b-w/l) 

0.74 13.46 7.02 
1.21 11.81 2.93 
1.05 24.66 13.10 . 
0.85 21.98 12.44 
0.94 16.86 8.97 

The best results were obtained when the strains were grown on medium SY, containing T- 

pepton and yeast-extract. In comparison with the other N-sources, the strains did not grow 

well when ureum was added to the medium. The remarkable growth of the strains on a blank 

medium can be explained by the presence of yeast-extract and cysteine in the medium. Those 

two components contain sufficient nitrogen and probably support the growth of the strains. 

Table 4 shows the growth of the Clostridium strains on medium SY. Cellobiose was replaced by 

other C-sources. 
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Table 4. Growth of Cl. thermosaccharolyticu and Cl, thermocellum on medium SY, 

containing different C-sources (5 g C / 1). 

C. thennocellum C. thermosaccharolyticum 
C02/H2 Acetic acid Isovaler. C02/H2 Acetic acid Butyr.acid 

(mea/l) (mes/l> (mes/l) (meq/l) 

Glucose 1;76 1.52 0 2.17 12.02 6.76 
Cellobiose 1.49 3.42 0 2.03 11.31 5.95 
Starch - 0 0 2.23 13.29 5.77 
Cellulose 1.80 1.48 0 0 0 
Blanc0 - 0 0 0 0 

Cl. thermosaccharalyticum grows well on C-sources such as glucose, starch and cellobiose. The 

best growth of Cl. thermocellum was obtained on a medium containing cellobiose. Table 5 

shows the fermentation products formed during growth on GS-3 medium. 

Table 5. Fermentation products formed during growth on GS-3 medium by 

Cl. thennosaccharolyticum and Cl. thermocellum. 

. . 

brganism co Butyr.a. Isoval. Lactic.-. Eth. 
(m$ (3 pmcsail) (mg/I) (mg/l) (mg/l) . 

C. thermocelIum 29.8 7.2 377 138 + 
C. thermosacch. 44.5 45.5 1153 

9009 502 
873 + 

Acetic acid was the most important metabolite, formed during growth of both strains on GS-3 

medium. 

3.3. Growth on the Melissa substrate 

The growth of Cl. thermocellum and Cl. thermosaccharolyticum was tested on rat faeces. As 

such, rat faeces (1,5 % w/v) were inoculated with Cl. thermosaccharolyticum and Cl. 

rhermocellum.However, it was impossible to cultivate the clostridia on this substrate. 

4. Discussion 

The study shows that both strains, Cl. thermosaccharolyticumand Cl. thermoceflumcan 

grow well on media GS-3 and SY. The best growth was obtained on medium GS-3. 

Different N-sources could be used by the Clostidium strains. However, the strains did 
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not grow well when ureum was added to the medium. The best results were obtained when the 

strains were grown on media, containing organic N-sources. 

Glucose, starch and cellobiose could be fermented by Cl. thermosaccharolyticum.The 

main products formed by Cl. thermosaccharolyticum were CO2, Hz, acetic acid, butyric acid, 

lactic acid and ethanol. Cl. thermocellum grows well on cellobiose. In this case, the 

fermentation products were CO2, Hz, acetic acid, lactic acid and ethanol. 

, 

In the Melissa model, rat excreta are used as fermentation substrate. As such, rat faeces 

were inoculated with Cl. thermosaccharolyticw and Cl. thermocellum. No growth could be 

obtained on this substrate. Further examination of the liquefaction compartment will be 

necessary. It is clear that the liquefaction compartment should be colonised by a consortium of 

different but yet compatible bacteria, having complementary characteristics. The presence of 

saccharolytic (e. g. Cl. thermocellum and Cl. thermosaccharolyticum) and proteolytic micro- 

organisms in the liquefaction compartment will be necessary in order to biodegrade the various 

polymers of the excreta. The crude protein concentration of faeces is estimated to be 20 - 30 % 

of the total dry weight. In order to have an efficient cycling of N and S (and C) an extensive 

degradation of proteins is necessary. As such, screening for a proteolytic thermophilic 

anaerobic micro-organism will be necessary. A better knowledge of the organic N-.metabolism 

by anaerobic thermophilic micro-organisms will help us to use their metabolic potential in the 

Melissa ecosystem. These are the study objectives mentioned in CCN3. 

5. References 

Johnson E., Madia A. & Demain A. (1981). Chemically defined minimal medium for growth of 

the anaerobic cellulolytic thermophile Clostridium thermocelllum. Appl. Environ. Microbial. 4 1 

(4) : 1060 - 1062. 

Pfennig N. & Lippert K.D. (1966). cber das Vitamin B12 Bediirfnis phototropher 

Schwefelbakterien. Arch. Mikrobiol. 5.5: 245 - 256e. 
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TN 7.2. : THE GROWTH OF PURE CULTURES OF RHODOSPIRILLUM RUBRUM 

AND RHODOBACTER CAPSULATA ON THE SUPERNATANT OF THE 

LIQUEFACTION COMPARTMENT. 

, 

1. Introduction. 

The proposed anaerobic digestion system of Melissa couples an 

anoxygenic phototrophic compartment to a liquefying compartment. 

To meet the demands of the aerobic compartments, an intensive 

mineralisation of waste is necessary. This requires that both 

anaerobic compartments are complementary as well as compatible: 

the liquefaction compartment should not form dead end products nor 

metabolites toxic to the phototrophic bacteria. 

Moreover, with respect to the nitrogen cycle, enough NHS should 

be furnished to the aerobic system of Melissa, in order to meet 

the main Melissa objective, i.e. SCP production by Spirulina. 

From experiments in defined media (TN 6.2) it was observed that 

both Rh. capsulata and R. rubrum prefered 

N-source (ureum). From this observation, one 

phototrophic micro-organisms may endanger the 

nitrification compartment. 

NH3 to an organic 

can expect that the 

NH3-delivery to the 

In this preliminar study, we assessed the potential toxicity of 

a Clostridium thermocellum supernatant on the growth of 

phototrophic micro-organisms. Moreover, consumption of volatile 

fatty acids, organic N and NH3 -N by the phototrophs was measured. 
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2. Materials and methods. 

Bacterial strains. 

The strains used were: Clostridium thermocellum, Rhodobacter 

capsulata (LMG5162) and Rhodospirillum' rubrum (LMG4362T). 

, 

Media. 

Rh. capsulata and R. rubrum were maintained at 28°C on the basal 

medium of Segers and Verstraete (1983). C. thermocellum was 

cultured at 60°C on GS-2 medium for 3 days (Johnson et al., 1981). 

Toxicity test. 

The phototrophs were inoculated into the supernatant of a 

Clostridium thermocellum GS-2 culture prepared as follows. The 

clostridial biomass was removed by centrifugation. pH of the 

supernatant was adjusted to 7.0 with NaOH and the supernatant was 

filter sterilized in screw-scapped test tubes with a volume of 20 

ml. The tubes were inoculated with 0.5 ml of.a full grown culture 

of Rh. capsulata or R. rubrum and incubated in the light chamber 

(60 E,/m2. s) for 4 days, at room temperature. 

Analytical methods 

Samples for analyses were first centrifuged for 15 minutes at 

14500g to separate the biomass from the medium. The protein 

content of the biomass was determined by the Bradford (1976) 

method. The COD of the supernatant was determined by the 

dichromate method (APAH, 1980) as an indirect measurement of 

carbon source utilization. The NH3 -N content of the medium was 

determined by steam distillation in a Kjeltec.1002 apparatus under 

alkaline conditions. Kjeldahl-N was determined similarly, after 

conversion to NH3by digestion. 
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3. Results. 

Table 1 shows some characteristics of the Clostridium 

thermocellum supernatant. 

Table 1. Analyses on the C. thermocellum supernatant (mg/l). 

Kjeldahl-N 1554 

NH3-N 242 

Organic N 1312 

COD 10761 

VFA 450 

(1) 

(2) 

(l)-(2) 

(acetic acid) 

Both Rh. capsulata and R. rubrum were.capable of growth on the 

C. thermocellum supernatant (Table 2). After 4 days of 

incubation, biomass protein production was 787 mg/l and 612 mg/l 

for Rh. capsulata and R. rubrum respectively. The supernatant of 

both cultures was analysed on nitrogen content, COD and volatile 

fatty acids (VFA). Acetic acid was assimilated completely. 

Remarkable is the doubling of NH3 -concentration in the supernatant 

of the Rh. capsulata culture. 
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Table 2. Growth of phototrophs on the Clostridium supernatant. 

L 

Culture % Change in Biomass (mg/l) 

Kj.-N NH3-N COD Prot. D.W. 

Rh. capsulata - - 22 + 102 38 787 1212 

R. rubrum 19 -9 - - 26 612 942 

4. Discussion. 

This preliminar study shows that both phototrophs, Rh. 

capsulata and R. rubrum can grow on the supernatant of a C. 

thermocellum GS-2 medium. The growth yield of both strains is 

about 0,30 g DW/gCOD which equals the highest growth performances 

observed on defined media (Tn 6.1 and Tn 6.2). This indicates that 

probably no toxic metabolites detrimental to the phototrophic 

compartment are formed by C. thermocellum. 

An unexpected result was obtained for Rh. capsulata: the total 

nitrogen content of the medium decreased by 22%, but the 

NH3-N content increased by about 100%. This was probably due to 

the fermentation of organic N-sources, such as amino acids. .The 

latter observation is of critical importance. Indeed, it would be 

benificial to the system if phototrophic micro-organisms produce 

NH3 
-N for the third nitrification compartment. 

Klemme (1989) reported that some strains of Rh. capsulata are 
2+ 

proteolytic, but only in the presence of high Ca concentrations. 

Moreover, both Rh. capsulata and R. rubrum are able to use a wide 

range of L-amino acids as N-source. Therefore, it may not be 

necessary for all the protein to be degraded in the first 

compartment as Rh. capsulata may be capable of proteolysis. A 

better knowledge of the organic nitrogen metabolism of these 
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phototrophic micro -organisms will help us to use their metabolic 

potential in the Melissa ecosystem. 

5. References. 

APAH (1980). Standard methods for the examination of water and 

wastewater. 15 
th edition. American Public Health Association, 

Washington D.C. 

Bradford M. (1976). A rapid and sensitive method for the 

quantitation of microgram quantities of protein utilizing the 

principle of protein dye binding. Anal. Biochem. 72: 248-254. 

Johnson E., Madia A. and Demain A. (1981). Chemically defined 

minimal medium for growth of the anaerobic cellulolytic 

thermophile Clostridium thermocellum. Appl. Environ. Microbial. 41 

(4) : 1060-1062. 

Xlemme J. (1989). Organic nitrogen metabolism of phototrophic 

bacteria. Antonie van Leeuwenhoek 55: 197-219. 

Segers L. and Verstraete W. (1983). Conversion of organic acids 
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SUMMARY 

The filamentous cyanobacterium Spirulina platensis produces an 
exocellular polysaccharide that presents interesting rheological 
properties. In view of better characterisation, we report here 
preliminary results on the isolation, purification, composition 
structure of this polysaccharide. 
It can be isolated from liquid cultures of Spirulina platensis by 
CETAVLON precipitation followed by a purification by 
chromatography on DEAE Trisacryl. The polymer is a 
heteropolysaccharide containing glucose, xylose, galactose, and 
two unidentified sugars. Uranic acids and small amount of sulfate 
are also present with acounts for the acidic nature of the 
polymer. The methylated polysaccharide contains 2,3,6 tri-o-methyl 
glucose and 2,4,6 tri-o-methyl galactose. 

RESUME 

La cyanobacterie filamenteuse Spirulina platensis produit un 
polysaccharide exocellulaire qui presente des proprietes 
rheologiques interessantes. Pour mieux le caracteriser nous 
presentons ici les resultats preliminaires de l'isolement, de la 
purification, de la composition et de la structure de ce 
polysaccharide. 
11 peut etre isole du milieu de ,culture de Spiruiina platensis par 
precipitation au CETAVLON et purifie par chromatographie sur DEAE 
Trisacryl. Ce polymere est un heteropolysaccharide contenant du 
glucose, du xylose, du galactose et deux sucres non identifies. 
On trouve aussi des acides uroniques et une petite quantite de 
sulfate qui participent h la nature acide du polymere. Le 
polysaccharide methyl& contient du 2,3,6 tri-o-methyl 'glucose et 
du 2,4,6 tri-o-methyl galactose. 
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C.P.G. 

C.L.H.P. 

C.C.M. 

A.T.F.A. 

D.M.S.O. 

P.M. 

XYl 

Fuc 

Gal 

Glc 

Man 

Rha 

ABREVIATXONS 

Chromatographie phase gaz 

Chromatographie liquide haute performance 

Chromatographie sur couche mince 

Acide trifluoroac&tique 

Dim&thy1 sulfoxide 

Perm&thyli! 

Xylose 

Fucose 

Galactose 

Glucose 

Mannose 

Rhamnose 
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2. L'EXOPOLYSACCHARIDE DE SPIRULINA PLATENSIS 

I - 

2.1. MISE EN EVIDENCE ET DISPOSITION 

Les suspensions de spirulines presentent un aspect visqueux qui 
montre la presence de macromolecules dans le milieu de culture. 
On peut les observer en microscopic photonique apres coloration B 
l'encre de chine : des zones refringentes apparaissent liees aux 
batteries ou libres dans le milieu. 

Van Eykelenburg a etudii! precisement l'ultrastructure de 
spirulina platensis et a mis en evidence l'exopolysaccharide 
( figure 3 >. 

11 apparait que les fibres d'exopolysaccharide ont une diposition 
radiale. 

2.2. CINETIQUE DE PRODUCTION 

Van Eykelenburg a mis en evidence l'augmentation de production 
de polysaccharide en fonction de celle de la temperature. . 

( 1 > 
Dans les conditions utilisees en laboratoire (36 C, 100 W / m2 et 
aeration ), la production d'exopolysaccharide est continue pendant 
la croissance de la cyanobacterie et se poursuit jusqu'a ce que la 
culture cellulaire blanchisse. 
La quantite de polysaccharide par unite de volume en fin de 
culture est de 1,6 g / 1. 
Le polysaccharide est un metabolite primaire. ( figure 4 ) 

1 

2.3. CARACTERISATION PHYSICO-CHIMIQUE DU POLYMERE 

Nous nous sommes interesses aux proprietes.physico-chimiques de 
ce polysaccharide dans le cadre de la mise au point d'un photo- 
bioreacteur pour les spirulines. La presence d'un polysaccharide 
au sein du reacteur perturbe les transferts de gaz et l'agitation 
du milieu. Cette perturbation est d'autant plus importante que le 
polymere est pseudo-plastique.L'analyse des proprietes d'une 
solution de ce polysaccharide a montre le comportement pseudo- 
plastique de ce polymere qui consiste en une diminution de la 
viscosite lors de l'augmentation de la vitesse de cisaillement. 
Elle a egalement mis en evidence des proprietes d'epaississant 
alimentaire (figures 5 et 6 ) . 
Ce comportement s'est revele etre different de celui du Xanthane, 
polysaccharide microbien utilise dans l'industrie. 
Nous avons done essay& de mieux comprendre la relation entre la 
structure et la conformation de ce polysaccharide de spiruline 
pour une Qventuelle application industrielle . 

14 
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,RESULTATS 
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1.. PRODUCTION DU POLYMERE 

La technique d'isolement et de purification du polysaccharide 
de Spirulina platensis est fonctionnelle. Le stage a permis de 
preciser la phase de purification. 

2. COMPOSITION QUALITATIVE DU POLYMERE NATIF 

2.1. Composition en oses 

Les differents echantillons analyses 
sucres : 

* des sucres neutres : Xylose, 
Galactose, Mannose, Glucose. 

* 

* de deux oses non identifies. 

des acides uroniques : acide 
galacturonique. 

sont composk des memes 

Rhamnose, Fucose, 

glucuronique, acide 

Les proportions varient en fonction des echantillons. Nous 
avons rassemble les differents rapports molaires dans le tableau 
suivant : 

XYl Rha Fuc Gal Man Glc 
(reference) 

1 

_ 

1,3 0,3 0,7 2,7 + 2 

2 I,3 0,3 0,6 2,O +. 2 

3 I,2 0,5 0,7 0,9 + 2 

4 6,1 0,3 I,0 197 0,4 2 

La technique utilisee ne permet pas de doser de maniere 
quantitative les acides uroniques. 
Toutefois on observe que : 

la proportion de galactose evolue au tours du 
vieillissement de la culture. 
la variation de force ionique agit aussi sur la 
composition du polymere. 
la carence en phosphore apporte la variation la plus 
spectaculaire avec une proportion de Xylose multipliee 
par cinq. 
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2.2. RECHERCHE DES SUBSTITUANTS 

La mkthode par C.P.G. &a pas donnB les rkultats escompt6s. 
La mkthode par C.L.H.P. a permis de confirmer la composition en 
sucres des khantillons mais n'a pas mis en kvidence la presence 
de substituants sur les diffkents khantillons. Un exemple est 
propose! figure 8. 
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3. FRACTIONNEMENT DU POLYMERE 

La proportion d'acides uroniques dans le polymke ainsi que la 
contamination de la fraction native par des pigments 
chlorophylliens et les proti3ines associkes, nous ont incite! A 
utiliser-une r&sine Bchkgeuse d'anions (D.E.A.E..) pour effectuer 
la purification de l'echantillon de depart. 

3.1 CHROMATOGRAPHIE 
D.E.A.E. TRISACRYL 

D'ECHANGE D'IONS SUR COLONNE DE GEL DE 

Durant ce stage nous avons utilise deux methodes pour fractionner 
l'exopolysaccharide de spirulina platensis. 

La premiere methode en continu nous a permis d'obtenir sept 

fractions contenant du sucre. 

N&l ( mM ) Fraction Masse (mg) 

150 

200 

250 

350 

Cl 

c2 

c3 

c4 

c5 

186 

14 

362 

. 500 C6 315 

1M c7 395 

Cette technique est peu adaptee g la purification de ce 
polysaccharide pour les raisons suivantes : 

- Le diametre et la hauteur ne sont pas adapt&s au passage de 
produits tr&s visqueux. Les perturbations liees B cette viscositi! 
nous ont oblige B "touiller" la colonne d&s l'utilisation de NaCl 
200 mM. 

- Le d&bit d'glution de 25 ml/h ne semble pas convenir: on 
obtient des concentrations localement fortes en polymere.Ce 
dernier est r&cup&& precipite en sortie de colonne. 

- La duree de cette purification n'est pas adapt&e: elle a*pris 
31 jours. Pour mettre au point une technique "en continu" qui 
convienne, il faudra opter pour un diam&tre de colonne tres grand 
en regard de la hauteur du gel et pour un debit d'eluant plus 
important en sortie de colonne- 
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La deuxieme methode "en batch" nous a permis d'obtenir quatre 
fractions contenant du surre. 

NaCl (m.M) Fraction Masse (mg) 

150 Bl 500 

200 B2 480 

250 B3 300 

350 B4 90 

Cette technique est tres rapide S mettre en oeuvre car l'elution 
des differentes fractions ne demande qu'une journee. 
Elle semble un peu moins sensible car nous n'obtenons que quatre 
fractions. 
Lorsque l'on concentre une- fraction comme par exemple la 500 mM 
qui est & la limite de la sensibilite de la technique de dosage 
utilisee, et que l'on dose le sucre,on observe une legere 
coloration montrant la,presence de sucre. 
Apres passage sur D.E.A.E., on observe visuellement une 

- modification de la viscosite du polysaccharide. Celle-ci peut etre 
like h la separation des copolymeres de l'exopolysaccharide et & 
la retention par la colonne de proteines ou de fractions 
minoritaires du polyoside participant 5 la rheologie du polymke. 
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3.2 CHROMATOGRAPHIE DE GEL FILTRATION SUR COLONNE 
CL 2B 

DE SEPHAROSE 

Cette technique sert a verifier l'homogeneite 
obtenues. Nous chargeons la colonne avec 20 mg de 
ml de tampon acetate. 
Nous nous attendons & obtenir une fraction unique 
le volume mort de la colonne. 

des fractions 
produit dans 5 

qui s'elue avec 

Pour la fraction 150 mM (rendement : 80%), on observe deux pits 
sur le diagramme d'elution la fraction majoritaire exclue du gel 
et une fraction inclue qui represente 258, en masse, de la 
quantite chargee (figure 9 ). 
Cette observation se repete avec les autres fractions Btudiees. 
I1 semble que le polysaccharide soit modifii! par les traitements 
prealables : la lyophilisation (fragilisation due a l'elimination 
de l'eau lice de la macromolecule), la resolubilisation avant 
passage sur Sepharose CL2B (agitation au barreau magnetique 15 h, 
chauffage h 100 C/l0 mn). 

Pour kiter ce probleme lors du traitement "en batch" nous 
n'avons pas lyophilise le polysaccharide. 
Dans les memes conditions d'elution nous n'avons pas observe de 
coloration lors de la detection au phenol sulfurique. 
Nous avons retrouve le polysaccharide au sommet de la colonne. 11 
n'est pas tamisable par le gel de Sepharose dans les conditions 
choisies. L'utilisation d'acetate comme eluant peut expliquer ce 
phenomene. 11 precipite la fraction de polysaccharide natif, 
contrairement a la fraction denaturee par la lyophilisation ou 
l'aspect dissociant domine. 
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Profil d%lution des fractions d’EPS 
de Spirulines sur Sepharose CL2B 

Do (adim) 

0 
0 100 200 300 400 500 604 

Volume d’(!lullon (ml) 

. 150mM NaCI -+- 200mM NaCI --%- 350mM NaCI 

Repf2rage au phknol sulfurique 



3.3 DOSAGE DES SULFATES PAR CHROMATOGRAPHIE IONIQUE A HAUT PH 

Nous avons dose sur les_ fractions issues de la purification "en 
batch" sur D.E.A.E. trisacryl le pourcentage ponderal en sulfate. 
En fonction de la reponse donnee par l'integrateur, il est 
possible grace h la droite &talon realisee, d'obtenir la quantite 
de sulfate lib&r&e par le polysaccharide. 
Nous avons transform& les valeurs obtenues en multipliant les 
valeurs par 0,465 (masse de HS03 / masse de K2S04). Ces resultats 
en terme de HSO3 correspondent a la forme moleculaire courante du 
sulfonate lie aux polysaccharides. 
Ces valeurs vont dans le meme sens que le dosage centesimal de la 
formule brute du polysaccharide, Elles confirment la presence 
d'equivalent sulfate sur le polysaccharide. 
On observe differents taux de substitution de sulfates sur ces 
fractions. Toutefois il n'y a pas de correlation directe entre ces 
taux et la force ionique utilisee pour eluer les fractions 
contrairement au cas de l'Agar-Agar. 
Dans le cas de ce polysaccharide, la presence d'acides uroniques 
et d'acides organiques en modulent l'effet. 

Fraction (mM) Quantite d'acide sulfonique (%) 

NaCl 150 mM 0,aa 

NaCl 200 mM 0,69 

NaCl 250 mM 1,33 

NaCl 350 mM 1,30 

Taux de substitution des acides sulfoniques dans les differentes 
fractions eludes sur le D.E.A.E. Sephacryl "en batch". 
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3.4. COMPOSITION EN SUCRES DES DIFFERENTES FRACTIONS DU POLYMERE 

XYl Rha Fuc Gal Man Glc 
(reference) 

Bl 83 G,3 I,4 0,7 2 

B2 g,2 0,3 1,2 1,5 0,2 2 

B3 3,5 0,3 0,5 1,6 0,2 2 

0,4 0,5 2,2 2 

XYl Rha Fuc Gal Man Glc 
(reference) 

Cl 105 6,4 2,o 2 

c2 2,l 0,7 0,2 1,l 1,l 2 

c3 

c4 10 

C5 4 

C6 0,6 

0,4 

or2 

1,5 

0,7 

0,5 

Of2 

or1 

2 

2 

2 

2 

Le manque d'homog&$it& entre les compositions de ces deux 
tableaux ne permet pas d'interpreter ces resultats. 
Les elements obtenus lors des differentes C.P.G. permettent de 
confirmer, sur des khantillons purifiks, la presence des dix 
types de monosaccharides precedemment dkcrits. On les retrouve 
dans chaque fraction dans des proportions differentes. 
11 n'y a pas de contaminants peptidoglycanniques. 
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4. ANALYSE STRUCTURALE DU POLYOSIDE 

4.1 HYDROLYSE MENAGEE DU POLYMERE 

La cinetique d'hydrolyse met en evidence six bandes. Les deux 
plus hautes correspondent aux monosaccharides -hexose et pentose-. 
Les deux suivantes aux disaccharides aldobiouroniques -hexose et 
pentose- et les suivantes a des trisaccharides( 2 acides 
uroniques, 1 ose neutre -hexose et pentose-). 

Pour les etudes structurales, le temps optimal de production 
d'oligosaccharides est obtenu par l'action de l'acide pendant 3 h 
30 mn sur le polysaccharide. Les fractions obtenues sur de plus 
grandes quantites de polysaccharide pourront Btre analysees par 
C.L.H.P. sur colonne pelliculaire d'echange d'anions h haut pH et 
detection amperometrique pulsee. 

4.2 METHYLATION 

Apres hydrolyse, acetilation et methanolyse, nous avons &pares 
les ethers methyliques par C.P.G. de la fraction 150 mM. 
Cette experience a permis de mettre en evidence les composes 
suivants : 

P.M. - XYl 

P.M. Fuc - 

P.M. Gal - 

.2,3,6 Glc - 

2,4,6 Gal - 

Le 2,3,6 Glc met en evidence une liaison l-4 dans l'enchainement 
du polysaccharide. 
Les oses permethylees sont situ&es sur des chaines laterales. 
Comme pour les compositions globales, on voit apparaitre des pits 
non identifiables correspondant & des sucres peu courants. 

La technique que nous avons utilise n'est pas tout & fait 
adapt&e h notre polysaccharide qui a du ma1 a se solubiliser dans 
le D.M.S.O.; De plus, sur les fractions 250 et 350 mM, nous 
n'avons pu recuperer une quantite suffisante de mati&re apres 
passage sur LH20 pour effectuer des analyses. 
Nous ne pouvons done obtenir oue des resultats oartiels. Pour des 
resultats plus fiables et dond plus exploitable;, il sera 
necessaire de refaire une methylation apres avoir peracetyli! 
polysaccharide de mani&-e 8 facili'ter sa solubilisation dans 
D.M.S.O.. 

le 
le 
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CONCLUSION 
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Les conclusions g&n&ales que nous pouvons degager de ces 
travaux sont les suivantes : 

- A partir d'une culture de Spirulines nous avons isole un 
exopolysaccharide. Ceci est confirmi! par l'absence de sucres 

. . -presents dans la paroi bacterienne- et par une composition 
?$zzente de celle de la paroi de Spirulina platensis ( ). 
La technique d'extraction mise au point est reproductible. Nous 
avons precise! les conditions de purification de ce polysaccharide 
par chromatographie sur un echangeur d'anions. 

- L'analyse chimique fait ressortir un point commun h toutes 
les fractions : une grande complexite. Chaque fraction est 
composee de dix sucres differents : xylose, rhamnose, fucose, 
mannose, galactose, glucose, acide galacturonique, acide 
glucuronique et deux sucres non identifies. Les 
heteropolysaccharides connus chez les procaryotes en contiennent 
generalement de deux & huit. 11 est probable que chacune des 
fractions isolees soit composee de plusieurs polymeres differents. 
Ceci est bien mis en evidence lors de la carence en phosphore et 
l'augmentation du xylose dans toutes les fractions etudiees. 

- La presence d'oses non identifies montre qu'il y a 
probablement l'un de ces sucres qui est o-methyl&, ce constituant 
etant specifique des exopolysaccharides de procaryotes 
photosynthetiques. 

- La presence de derives sulfates est un caractere unique 
parmi les exopolysaccharides procaryotes. 11 etait consideri! comme 
caracteristique des polyosides algaux. 

- Une proportion &levee d'acides uroniques (30 5 40% en 
poids) ajoutee aux sulfates conferent aux exopolysaccharides un 
fort caractere anionique. 

- Durant ce stage nous avons seulement aborde l'etude de la 
structure de ces polyosides. En effet, nous avons utilise des 
techniques classiques que nous avons d5 adapter g ce polymere peu 
connu. C'est volontairement que nous n'avons pas etudie les 
composants lipidiques et proteiques qui pourraient etre des co 
polymeres. 
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A A?z-tr~s~~~c~nas - NI.tr&acter coculture were divided 
into two samples: 
- sample 1 was filtered through 0.45 JU Millipore filters 
- sample 2 was sterilized by heat far 30 min at 140°C. 

Starting from an initial culture af Spirulioa, 
toxicity tests were performed as follow: 
- the control consisted in one volume of initial culture of 
Spl’rUliLhi, diluted with the same volume of fresh Spirulioa 
culture medium (Zarrouk), 

Twa erlenmeyers containing the initial culture of 
Sk_l'r-ulias were diluted in the same proportion with sample 1, 
that corresponds to the filtered Nitrosomczzas - Nitru~act@~ 
coculture, 
- two others erlenmeyers containing the initial culture of 
Spz'rulioa were diluted in the same proportion with sample 2 
that corresponds to the heated Nitrcxmmnans - N'.t.rohctflr 
coculture. 

Such different cultures of Spirulina were allowed to 
gr-CM fur I.3 days at 35"C, under a light intensity of 5 w/m* 
and in the presence of 2% CO2. Growth was turbidimetrically 
f3llamed by measuring OD?SOnm on samples af each culture. 
Numerical results (cjD750), corrected from the turbidity uf 
the used effluents of NIz.trc?so..onas - A?itrohscter cacultures, 
and the carrespcnding amount of biomass (in g/l)are 

. presented in the fullowing table. 

Tire 
(h) 

0 

El 
187 
242 
305 

Control Filtered 1 Filtered 2 Heated 1 Heated 2 
OD g/l OD 4'1 01) g/l OD g/l OD g'l 

:8% .n35 096 .03 ,077 
.425 :54 .21 
.57 .73 .28 

i% i? .i 

035 
095 
266 
355 

77 

- 

n3 1135 
:096 

. f-l35 .035 .035 .035 
075 ,093 ::ij6 09 .lO!i 

El 1745 573 :40 325 .502 : .42 33 .412 .53 
75 9c 

i.15 
:;" .732 -53 .65 

9 .89 .67 .85 
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The "Filtered 1" culture appeared to be contaminated 
and therefore does not provide significant results. 

Ely comparison with the control, growth of Spl'rulina 
did not appeared to be significantly disturbed by the 
filtered culture medium of the used ~trosamcloas - 
N:truJkict42r coculture. However, the heat sterilized 
coculture appeared tc reduce by approx. 113 the growth rate 
of sQ..U-ulio~, a result that could be related to the 
observation that organic matter impairs growth of Spz'rulioa. 
Moreover, in both cases, no effects on the morphology, the 
chloropyll or the phycocyanin content of the algae were 
observable. 

In conclusion, if filtered, effluents of Nitrosu~~~~as 
- Nitrdwcter cocultures are nut toxic to Spirulioa and do 
not evasr+ .lV.. v sig nificant effect on their physiology. 
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