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Abstract. CyanobacteriumCyanothecep. ATCC 51142 produces an exopolysaccharide at a high level.
Physical analysis of the exopolysaccharide (EPS), such as nuclear magnetic resonance, infrared spectrum,
were done to determine its possible structure. Thermal gravimetric analysis, differential scanning
calorimeter, and differential thermal analysis of the polymer were done to find out the thermal behavior.
Calcium content within the sample was found out. Some of the physicochemical properties, such as
relative viscosity, specific viscosity, and intrinsic viscosity of the EPS were studied under different
conditions. The phenomenon of gel formation by the EPS was investigated for its potential application in
metal removal from solutions.

Microbial polysaccharides have found a wide range ofMaterials and Methods

appllc_:anons in industries. They are Ir_]corporate_d In fOOdMicroorganisms. CyanotheceATCC 51142 was obtained as a gift

as thickeners and used as suspending or gelling agen{§iure from Prof. D. O. Hall, King's College, London. It was

to improve food quality and texture [4]. In the pharmaceu-maintained at 27°C in ASN 11l medium with light/dark cycle of 16/8 h

tical industry it can be used as hydrophilic matrix for under fluorescent light of 3,000 lux light intensity.

contro!led rel,ease of druQS [3]’, for develoDment of Exopolysaccharide (EPS) production.The EPS was separated by

bacterial vaccines [4, 6], as an anti-HIV agent [15], and tOcentrifugation at 10,000y for 10 min at 4°C using 30-day-old

enhance nonspecific immunity [13]. However, in the cyanotheceulture grown in ASN Il medium. The supernatant was

near future the biggest market is expected to be the oibooled, and an equal volume of methanol was added. The mixture was

industry, where polysaccharide will serve as mobility kept at 4°C overnight and the precipitate was then spooled using a

controllers in enhanced oil recovery process from naturafpatula. The EPS was then washed thrice with 50% (v/v) methanol and

reservoirs [1]. The advantages of microbial polysacchadried to constant weight at 37°C.

rideg over plants or m{:\rine macroalgal polygaccharidggnalytical methods

are its novel functionality, constant reproducible chemi-yyciear magnetic resonance (NMR) and infrared (IR) analy@ilet

cal and physical properties, and a stable cost and supplgr infrared analysis was obtained by grinding a mixture of polysaccha-

[7]. ride with dry KBr and then pressing in a mold. FTIR spectra was
Cyanobacteria, which can be a potential source ofecorded on FTIR Impact 400D. Spectra were run in the 4,000-500

polysaccharide, is yet unexploited [10]. Amarine nitrogen-cmfl rggion. H NMR spectra of the samples were performed on drx

fixing cyanobacteriumCyanothecep. ATCC 51142, has 00 Using BO as the solvent.

an ability to produce extracellular polysaccharide (EPS)Calcium determinationEor analysis of calcium content in the EPS, 50

at a high level. The present investigation is aimed atmg of the EPS was taken and digested with the acid solution of

characterizing the physical and chemical properties of th@erchloric and nitric acid. It was then diluted to 10 ml with deionized
EPS to ascertain its industrial exploitation water and calcium analyzed with Systronics Flame Photometer (model
' no. 121). 100 ppm solution of €aequivalent was used as standard.

Thermal gravimetric analysis (TGAJhe TGA analysis of polysaccha-
Correspondence td>. Madamwar ride was done on a Mettler TA 4000 instrument. The TGA trace was
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obtained in the range 40-400°C under nitrogen atmosphere at rise q'hdicating that the polysaccharide becomes more com-

10°C/min. plex with the passage of time.

Differential scanning calorimeter (DSC) and differential thermal analy- In Fig. 2, the peak around 3,410 ciis assigned to

sis (DTA).The DSC and DTA analysis of EPS were done on ShimadzuQH stretching frequency and as expected it is broad. The

Thermal Analyser (model no. DT-30). Both the analyses were carriec\Neak absorbtion at2.910 and~2.812 cm! are attrib-

out in nitrogen atmosphere with flow rate of 30 ml/min and heating rate - ’ .

of 10°C/min. Chart speed was kept at 5 mm/min. uted to C-H stretching frequency. Absorbtion at 1,622

v i eiiscosit . ormed at 25°C cm~tis assigned to the stretching vibration of carboxyl-
iscometric analysisviscosity measurements were performed at 25° . i .

in an Ubbelohde capillary viscometer. 0.8% (w/v) polysaccharidea‘te group' The absor_btlon at1,387 pOSSIny dueto .

solutions were prepared in water, 1% (w/v) MgS@% (w/v) CaC}, symmetric CH bending. The bands due to asymmetric

and 1% (w/v) NaCl agueous solutions, respectively, and viscosity wasCH; bending and due to CHbending could not be

measured. The dilutions were made directly in the viscometer withjgdentified in the spectrum. However, in Fig. 1, a band at

respective solutions. 1,450 cnr! due to asymmetric Ckbending and bending

Gel formation The supernatant obtained by centrifugation (as describedof CH, could be observed. The strong absorbtion at 1,138

earlier) of 30-day-oldCyanotheceulture was used for gel formation. 314 1.120 cmt are coupled vibrations of S O (sulfite

pH of the EPS was adjusted to between 10 and 11 by eitNéM@OH or moiety) and OH bending> C_O-C< Stretching might

with ammonium buffer and gel was formed almost instantaneously . i
upon mixing. also contribute at this frequency [8, 14].

. The spectra remained same for the polysaccharide
Study of metal removarhe study was concentrated on the ability of the btained f th It . f NaCl
EPS to remove copper, nickel, and cobalt solutions with meta/O0tAINE rom e F:u ure grown in presence or Na
concentration of 900 pg/ml, 700 pg/ml, and 200 pg/ml, respectively.  COncentration ranging from of 0 to 5% (w/v), under

In a typical experiment 20 ml (2 mg of polysaccharide) EPS was nitrogen-deficient condition, and in pH from 5 to 11.

mixed with increasing quantity of metal solution. The gel formed was H! NMR spectrum of the polysaccharide obtained
flltere_d and the amgunt of me_ztal left in the filtrate was determined byfrom culture grown in nitrogen containing medium is
Perklin Elmer atomic absorbtion spectrophotometer (model no. 3110). . . . .
Percentage removal was calculated by subtracting the amount of metéhown n Flg. :_31 and th_e tentative structure Of_ the EPS is
left from the amount of metal initially taken. illustrated in Fig. 4, which shows the numbering system
used in this account. The structure shown in Fig. 4 does
not demonstrate the structure or arrangement of the sugar
moieties, but illustrates the type of protons that are
The IR spectrum of polysaccharide obtained from 1-montrexpected in the EPS. The peak&#.5 ppm is due to
culture is shown in Fig. 1, and the spectrum of theH1-type protons [5, 7]. The peak &&2.75 ppm is due to
polysaccharide from 2-week culture is shown in Fig. 2.H2-type proton, and the peak &t2.15 ppm may be
There is some obvious difference between the twoassigned to protons of hydroxyl group (H5). Absorbtion

Results and Discussion
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Fig. 2. The infrared spectra of the exopolysac-
charide obtained from a 2-we€&yano-
thecesp.

Fig. 3. H NMR spectrum of the exopolysaccharide
obtained fronCyanotheceap. grown in nitrogen-
containing medium.

at 2.5 ppm may be due to H3-type protons. Thé.25 The calcium content in the polysaccharide was found
ppm peak can be due to methyl group protons, which aré¢o be 3.2g% (w/w). The reason for such a high concentra-
not directly attached to oxygen or any other electrontion of calcium may be traced to the presence of anionic
withdrawing group (H4). The peak at aroudd4.2 is  groups in the EPS, which binds to the cations present in
assigned to H6 type of protons [5, 7]. the medium.

The H NMR spectrum of the polysaccharide ob- The DSC and DTA results show three endothermic
tained from culture grown in nitrogen-deficient medium peaks in the trace. One peak in DSC thermogram is seen
was not much different from that of the nitrogen- at~100°C and the corresponding one in DTA at around
containing medium, as shown above. More peaks wersame temperature is quite sharp. Following Reich’s
observed in the region of 1.0-2@&nd peak around 42  method [12], the energy of activation was found out to be
that was not well defined in above spectrum was found td49.6 kcal/mole. Two minor peaks are observed at 160°C
be distinct. and 230°C in DSC and corresponding peaks are at 140°C
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CHZZOH CHoOH intercept of the plot of Im,/C versus concentration and
ms/C versus concentration. This will enable us to predict
the molecular weight of the polysaccharide upon further
characterization.

The EPS produced bgyanothecédnas a characteris-
tic phenomenon of gel formation. The phenomenon of gel
formation is supposed to be caused due to precepitation
of the EPS. It has been seen that concentrated suspen-
sions of polysaccharide gelled at divalent cation concen-
tration similar to those that yielded maximal viscosity
with diluted EPS suspensions [2, 9]. The medium in
which the culture is grown contains cations whose
concentration may be sufficient for the polysaccharide to

So; H precipitate and form a gel.
Fig. 4. Putative structure of the exopolysaccharide with the numbering ~ The gelation property of EPS is seen to be highly
system used in the interpretation of results. effective for metal removal from solutions. More than

90% of N#+, Clét, and Cé* could be removed from the

and 205°C in DTA. Reedy et al. [11] have indicated thesolutions having total metal ion concentrations of 22.5,

possibility of the EPS being made of seven different typest/ -2+ @nd 5.0 mg, respectively.

of sugars, including glucuronic acid. All the above peaks

may be attributed to the cha_nge in conformation ofConclusion

different sugar molecules at different temperature. The _ . _ . o

evidence of this fact was obtained from the IR spectrumThus, with partial physical and chemical characterization

of the EPS, which was heated up to 100°G foh and  Of the exopolysaccharide attaineGyanotheceATCC

then cooled in a desiccator immediately. The three51142 seems to be promising for industrial exploitation.

vibrations coupled around 1,160 cin(Fig. 2) became The gelling property can be useful in food industries and

distinct. Three peaks were now seen at 1,159, 1,120, an@lso to remove various metals from industrial wastes. The

1,100 cnt. It may be possible that after the conforma- thermal stability of the polymer in inert atmosphere

tion change at 100°C, the vibrations of=S O (sulfite  opens the possibility of its application in packaging and

moiety), OH bending, and> C—-O—C < streching may related industry. In view of the stability of the polysaccha-

not be in a position to couple. ride and presence of functional groups, it may be inferred
Conformation change probably finds support fromthat appropriate grafting will improve the processibility

the TGA data. In TGA the weight loss of polysaccharide@nd properties of this polymeric material. This might

was found to be just 10% till 400°C. The EPS appears tave the way to find many more applications of poly-

be highly stable, and no major decomposition is takingmeric material.

place. This is supported by the fact that the IR spectrum
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