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Abstract

Scleroglucan produced tclerotium rolfsiATCC 201126 exhibited pseudoplastic behaviour and an exponential relationship between
apparent viscosity and polymer concentration. Viscosity showed strong heat-stabilit€/@@enin). Tolerance up to 20% w/v NaCl and
over a wide pH range (0—13) was also found. A sharp decrease on viscosity at NaOH concentrations higher than 0.15 M was observed due to
dissociation of the triple-helix. According to intrinsic viscosity determinations and gel filtration chromatography on Sepharose CL-4B, the
weight-average molecular weight of native polysaccharide was aboa05 Da for the triplex and B x 10° Da for the random coil. These
values, in addition to the change in complexation with Congo Red, support the idea of the triple-helical conformation in neutral or slightly
alkaline solutions<€0.15 M NaOH), and single chains in a highly alkaline environme@t2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction high immunostimulatory activity (Kulicke, Lettau &
Thielking, 1997).

Although several polysaccharides of fungal origin are  The chemical structure of scleroglucan fr@ulerotium
known, the world of fungi has not been exploited enough rolfsii was recently confirmed (Fain 1997) as a regular
in this area (Gorin & Spencer, 1968). Among the potential polymer corresponding to a tetrasaccharide repeating unit:
applications of fungal polysaccharides, particular attention

o . 3-D-Glcp
has been paid in recent years to the antitumour effects 1
ascribed to the (1,33-p-glucans as well as to their use as
biomedical drugs against infections. l
These biopolymers usually exhibit immunostimulatory 6

activities, thus belonging to the group of biological response
modifiers (BRM), though the mechanism has not been
established (Pretus, Ensley, McNamee, Jones, Browder &
Williams, 1991; Singh, Whistler, Tokuzen & Nakahara, The solution of this polysaccharide shows remarkable
1974). Therapy with these immunomodulators has the rheological behaviour over a wide range of pH, temperature
advantage of naturally strengthening the immune system.and electrolyte concentration, which make it useful for
Likewise, branched (1,3}-p-glucans have been considered many industrial purposes including enhanced oil recovery
for their anti-inflammatory activities (Hara, Kiho, Tanaka & and food application (Brigand, 1993; Zentz, Veragheé
Ukai, 1982). As evidenced by the increase in tumour-necro- Muller, 1992). These and the above mentioned properties
sis-factore. release and superoxide-anion production activ- have stimulated research on this typeBeb-glucans.
ities, scleroglucan produced b$clerotium rolfsii gave There is much controversy regarding the macromolecular
much better results than other glucans tested and exhibitedand structural characteristics required for these polymers to
be biologically effective with no concensus on the influence
* Corresponding author. of molar mass, helical structure and (1@®Jranches on the

—>3)-8-D-Glep-(1-33)-8-D-Glep-(1->3)-8-D-Glep-(1—> »
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antitumoral and immunostimulatory properties Bfp- conditions mentioned above, for 48 and 72 h. At the end
glucans (Kulicke et al., 1997; Stokke, Elgsaeter, Hara, of each fermentation, the EPSs were purified for their subse-
Kitamura & Takeo, 1993). Another important topic is the quent characterization.

solubility in agueous media, which depends on the (B;6)-

p-branching in the molecule, and allows the biopolymer to

become clinically applicable since this form can be safely 2.2. Scleroglucan recovery and purification

administered via the systemic route with no toxicity and

other complications (Williams et al., 1991). The culture broth was homogenized in a CB-6 Waring

For scleroglucan and other related (1@Bp-glucans it blender, neutralized, and diluted three-fold with distilled
has been reported that their molecular weight does notwater. After heating at 8C for 30 min, the broth was
depend on the culture conditions used for polysaccharide centrifuged in a 6-l capacity continuous centrifuge (Typ
production, for example when studying the influence of 61-763 Lahr/Schwarzwald) at 17,000 rpm. The EPS from
cultivation time (Lecacheux, Mustiere, Panaras & Brigand, the clear supernatant was cooled & and precipitated by
1986). adding an equivalent volume of ethanol’9&his mixture

The present paper deals with the isolation and physical was allowed to stand at°6 for 8 h to complete EPS
characterization of the scleroglucan produce®bierotium precipitation.
rolfsii ATCC 201126, a strain isolated from rotten red The precipitate was recovered with a fine sieve (Macotest
pepper. The water-soluble polysaccharide was produced atA.S.T.M. No. 60) and then redissolved in distilled water.
fermenter scale under optimized culture conditions and This crude EPS was further purified by ethanol-8&preci-
particular attention has been paid to the incidence of the pitation (two times). Finally, the precipitated polymer was
cultivation time on the physical and conformational proper- freeze-dried and milled to a whitish glucan powder, giving a
ties of the biopolymer produced. purified preparation of the polysaccharide. The EPSs corre-

sponding to 48 and 72 h of cultivation (see above), were
identified as EPS | and EPS II, respectively, for subsequent
2. Materials and methods experiments. Glucan powder was analysed for protein
content by the Folin—Lowry method using bovine serum
2.1. Inoculum preparation and scleroglucan production albumin as standard. Reducing sugars were measured
according to the Somogyi—Nelson method (Hodge &

The polymer used in our studies was produced by the Hofreiter, 1962) with glucose as standard. Total carbohy-
fungus Sclerotium rolfsij isolated from rotten red pepper drates were determined by the phenol-sulphuric acid
in Uruguay (generously provided by Dr L. Betucci, from method (Dubois, Gilles, Hamilton, Rebers & Smith, 1956)
Universidad de la Refnlica, Montevideo, Uruguay). This  with dextran as standard.
strain, now classified aSclerotium rolfsiiATCC 201126,
does not produce conidia but only mycelium and it was
preserved following the protocol previously described 2.3. Rheology measurements
(Farifa, Siteriz, Molina & Perotti, 1996).

After activation of the strain on Czapek malt agar, seed The polymer solutions were prepared by complete disso-
cultures were prepared in BMiquid medium accordingto  lution of the freeze-dried EPS in distilled water or dimethyl-
Farife, Sireriz, Molina and Perotti (1998). These inocula sulfoxide (DMSO), using a magnetic stirrer at a dissolution
were first blended under aseptic conditions (CB-6 Waring temperature Tp) of 20°C. Rheological properties were
blender, minimum output) and then, they were used for measured wing a rotational viscometer with narrow gap
inoculation at 10% v/v of a 10-| stirred-tank reactor fitted concentric cylinders or spindles (Cannon LV 2000)
with baffles and six-flat bladed Rushton turbine impellers equipped with a temperature-controlled unit TCU 1000
(MicroFerm, New Brunswick Scientific Co.) with aworking and a small sample adapter, at a measurement temperature

volume of 8 1. (Tw) of 25°C unless otherwise stated. Polymer concentra-
The optimized culture medium (MOPT) for polysacchar- tion, rotors and rotor speeds used in each experiment are
ide production contained (in g/l); NaNQ 2.25; described in the tables and figures. The sample volume was
K,HPO,-3H,0, 2; sucrose, 150; KCI, 0.5; MgSTH,0, 8 ml, readings were taken after rotation for 2 min, and the
0.5; FeSQ7H0, 0.05; yeast extract, 1; citric acid®, data presented are averages of at least three measurements.

0.7 (initial pH adjusted to 4.5). The following conditions The limiting viscosity number (intrinsic viscosityy])
were maintained throughout the experiment: air flow rate, was obtained by extrapolation to infinite dilution as defined
0.5 vvm; stirrer speed, 400 rpm; temperature;GGO0pH by the Huggins(nsyc = [n] + K'[m1%c, with Msp (Specific
uncontrolled. viscosity)= (n — no)/mo, 1, the viscosity of solution and

For the study of the incidence of the cultivation time on 7, the viscosity of solvent) or Kraemer equations
the physicochemical properties of the exopolysaccharide ((In n,)/c = [7] + K"[n]c, with », (relative viscosity)=
(EPS), two fermentations were carried out under the m/rg).
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Fig. 1. Dependency of the apparent viscosity on the shear rate for scleroglucan agueous solutions, EPS | (A) and ERS#H ZB)C, TL-5 spindle.

2.4. Helix—coil transition analysis (500ul), and applied to a column(1.0x 64 cm of
) ) ~ Sepharose CL-4B. The column was eluted with 0.25 M

The conformational structure of scleroglucan in solution NaOH at a flow rate of 0.1 ml/min. Fractions (5.0 ml
was established by characterising the Congo Red-EPSgach) were collected (Pharmacia LKB GradiFrac System),
complexes. The formation of these complexes and the and an aliquot of each fraction was analysed for carbo-
resulting shift of the maximum adsorption wavelength hydrates by the phenol—sulphuric acid method (Dubois et
(Amax value) is a rapid method for detecting helical struc- 5| 1956).
tures. The greater the effect in thg., shift, the higher the The weight-average molecular weightl{) was esti-
helical structures content is. Helices can be destroyed bymated from a calibration curve constructed, with: Dextran
adding sodium hydroxide, which rapidly causes a loss of \y — 73 000 (from Leuconostoc mesenteroides512,
the interaction of the polysaccharide with Congo Red. sjgma), DextranM,, ~ 515000 (from L. mesenteroides

Thus, polymers which exist in an ordered conformation g.512  Sigma) and DextraM,, ~ 2,000 000 (from L.
(triplex) can form a complex with Congo Red in diluted mesenteroideB-512, Sigma).

aqueous NaOH solutions, determining a shiftAiga,. On

the other hand, polymers which have a random coil struc-
ture, for example, when helices are destroyed by high alkali
concentrations, cannot form these complexes (Kulicke et al.,
1997). In this way, a shift in the visible absorption maxi-
mum of Congo Red induced by the presence of a polysac-
charide can be used for conformational studies according to
the method of Ogawa and Hatano (1978). The transition of  Tpe yield of the recovery process after purification
the triple-helical arrangement to the single-stranded confor- compared with the theoretical maximum was estimated
mation was studied by measuring thg., for Congo Red— a5 almost 20%. In both cases (EPS | and 1), losses will
EPS solutions at NaOH concentrations ranging from 0.05 t0 4ccur in most of the eleven steps (homogenization, dilution,
0.4 M. . o heating, centrifugation, precipitation, redissolution and

Polymer aqueous solutions (1 g EPS/I) containing.1 reprecipitationx 2, drying and milling). For both EPS the

Congo Red were subjected to the different concentrations Ofpresence of reducing sugars was not detected, whilst the

NaOH and, after 3 h of |_nteract|on, the visible absor_pt_|on total sugars content was about 98% wiw, indicating a high
spectra were recorded with a Beckman DU 640 UV/visible |eyg of purity as compared to other commercial scleroglu-
spectrophotometer at each concentration of alkali. cans (Wang & McNeil, 1996). The Folin—Lowry determi-
nation revealed 1.9 and 1.6% w/w of protein content for EPS
2.5. Gel chromatography on Sepharose CL-4B with aqueous! @and II, respectively.
sodium hydroxide There was no advantage in biopolymer concentration by
increasing the cultivation time from 48 to 72 h. When poly-
Gel chromatography on Sepharose CL-4B (Pharmacia saccharide production was carried out in shaken flasks, a
Fine Chemicals) was carried out with 0.25M NaOH as similar concentration could be attained just after 72 h of
the eluent. Different standard dextrans (Sigma) and the cultivation (Fariia et al., 1998). The choice of the optimum
EPS (1.0 mg) were each dissolved in 0.25M NaOH cultivation time is important, since one of the fundamental

3. Results and discussion

3.1. Scleroglucan production and polysaccharide
purification
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Fig. 2. Correlation between apparent viscosity and EPS concentration—EPS | (A) and EPST|} BR5°C, TL-5 spindle.

drawbacks is the lengthy scleroglucan production processto maintain viscosifying properties in sea water at low

(Wang & McNeil, 1995). concentrations and high temperatures for years (Brigand,
From the production point of view, the above results 1993). Consequently, this important topic was studied.

might be critical in order to select appropriate operational

conditions. However, in this particular case, the aim of our 3.2.1. EPS concentration and viscosity

work was not only to achieve a high polysaccharide yield  Aqueous solutions of scleroglucan (EPS | and Il) showed

but also the preservation of the physicochemical and confor- non-Newtonian pseudoplastic behaviour, where the viscos-

mational properties. ity decreased with increasing shear rates. This feature was
observed at different polymer concentrations ranging from
3.2. Rheo]ogica| properties of Sc|erog|ucan 0.25t0 2.5 g/l, and shear rates varied from 0.396 to 79.2 I/s

(Fig. 1A and B). Similar behaviour was previously reported
The application of scleroglucan in diverse areas such asfor other homo- and heteropolysaccharides such as schizo-

thickening drilling muds, fracturing and completion fluids, phyllan (Rau, Muller, Cordes & Klein, 1990; Steiner,
enhanced oil recovery (EOR), depends to a greater or lesseDivjak, Steiner, Lafferty & Esterbauer, 1988), barley
extent on the ability of the polysaccharide to retain stable (1,3),(1,4)8-p-glucan (Gmnez, Navarro, Manzanares,
rheological characteristics, for example, against hydrolysis, Horta & Carbonell, 1997)Bacillus circulanspolysacchar-
heating and addition of salts. In particular, for EOR, the ide (Isobe, Endo & Kawai, 1992) and glomerellan (Sarkar,
polymer flooding process requires that the polymer is able Hennebert & Mayaudon, 1985). Pseudoplasticity might be
related to the anisotropy of the rigid triple-helical structure
frequently adopted in solution by this kind of polysacchar-
ide (Steiner et al., 1988; Zentz et al., 1992).

Table 1
Scleroglucan rheological parameters

Polymer Concentration Consistency indexFlow behaviour An exponential relationship between viscosity and poly-
(g K (mPa $)* indexn mer concentration was found (Fig. 2A and B). The high
EPS| 025 9.7 0.6 0,78+ 0.03 viscosity pf this b|opolymer. at low co_ncentranons is du_e
05 55+ 4 0.49+ 0.04 to both high molecular weight and high structural chain
0.75 165+ 2 0.26+ 0.01 rigidity (Stokke, Elgsaeter, Bjgrnestad & Lund, 1992).
1 272+ 7 0.31+0.03 The viscoelastic characteristics of scleroglucan solutions
;-5 lggf;’ 8-2& 8-81 at low concentrations (0.025—0.25% w/v) or the gelation
" Db properties at higher levels of polymer (0.25-2.0% wi/v)
25 1538+ 23 0.24+ 0.02 X g
could be explained as a consequence of the intermolecular
EPSII 025 191 0.38+0.07 association energetically driven by unfavourable polymer—
0.5 104+ 4 0.32+ 0.04 . . . .
0.75 104+ 8 0.28% 0.05 solvent interactions and interstrand hydrogen bonds which
1 349+ 4 016+ 001 determine cross-linking events (Stipanovic & Giammatteo,
1.5 738+ 4 0.18+ 0.01 1989).
2 1281+ 5 0.13+0.00 These findings have a significant impact in view of the
25 1928+ 16 0.13+0.01 application of scleroglucan in EOR, mainly for oil reser-
2 Viscosity measurements & = 25°C with TL-5 spindle andy ranging voirs with offshore location, when a polymer capable to

from 0.396 to 79.2 I/s. retain viscosifying properties at low concentrations is
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Table 2 700
Relative viscosity of 2 g/l aqueous solutions of EPS | and Il after heating at ! = EPSI
different temperatures and mpubanon tw_nes, according to determinations at o~ 60} o EPSII
Ty = 25°C andy = 3.96 I/s with TL-5 spindle p
Polymer Temperature Time Relative value of fé/ 500 -
C) (min) viscosity+ S.E.M. (%} =y .\"\0\.\.
S 400}
EPS | 50 15 96.8 0.4 g [ 3
30 97.1+ 08 \.F.\.M.
60 97.1+ 0.8 g 300
80 15 94.0+ 4.4 & 00}
30 94.1+ 3.3
60 90.8+5.5 100 . . . ) ) ) ) ) )
100 15 92.3+ 6.1 20 40 60 80 100
30 91.8+6.8 Temperature (°C)
60 93.2+ 4.6
Fig. 3. Effects of measurement temperattiyeon viscosity. The viscosity
EPS Il 50 15 96.2+ 0.8 of EPS aqueous solutions (2 g/l) was measured at the indicated tempera-
30 96.2+ 0.2 tures with a TL-5 spindle af = 3.96 I/s.
60 96.8+ 0.2
80 15 96.4+ 0.2 Resistance to high temperatures has been described as
30 96.1x 0.0 f the remarkable rheological properties of scleroglu-
60 95.2+ 4.2 one o 9 prop 9

can. Very slight variations in viscosity were detected when
100 15 97.4-1.4 scleroglucan was subjected to temperatures ranging from 15
30 98.5-08 to 9C°C, both in concentrated and semi-dilute solutions.
60 96.8+ 1.8 L . . .
Moreover, when tested in oil reservoirs, this polysaccharide
2 Controls: EPS I: 106 0.9%, EPS II: 100= 0.1%. retained more than 90% of its viscosity after 500 days at
90°C in sea water (Brigand, 1993; El Ouriaghli, Fraig;
particularly desirable since the transport, handling and Sarazin & Dinh, 1992; Lecacheux et al., 1986; Sandford,
storage of the mobility control agent is one of the tutors 1979; Stokke et al., 1992; Wang & McNeil, 1996; Zentz et
determining operating costs (Brigand, 1993). al., 1992). This resulted in striking contrast with the marked
To gain a greater insight into the rheological character- heat-sensitivity exhibited by other biopolymers such as seed
istics of scleroglucan, viscosity values of aqueous solutions and Bacillus circulans polysaccharides, even at high
were fitted to the Power Law (Ostwald—de-Waele) relation- concentrations (Isobe et al., 1992).
ship (1), applicable to fluids which exhibit pseudoplastic
behaviour (Bongenaar, Kossen, Metz & Meijboom, 1973). 3.2.4. Effects of measurement temperatugg) @h viscosity
Consequently, the values of the paramet€rgonsistency The viscosity of scleroglucan aqueous solutions was
index) andn (flow behaviour index) have been estimated determined at different temperaturdg) ranging from 25
(Table 1) and they were in agreement with the high pseu-to 100C and results are displayed in Fig. 3. As it can be

doplasticity of scleroglucan. seen, viscosity was hardly affected by temperature it
remaining practically constant until the temperature reached
3.2 2. Ostwald—de-Waele model 10C0°C. Even at the latter temperature, scleroglucan retained

almost 90% of its viscosity in both cases (EPS | and II). The
polysaccharides studied in this work seem to have similar
n=Ky"?V D rheological properties to otheBclerotium biopolymers

g ) ] ] reported so far (Brigand, 1993; No& Lecourtier, 1993;
wheren = 7y, with ) being the apparent viscosity the Stokke et al., 1992).

shear stress angl the shear rate.

3.2.5. Effects of pH on viscosity
3.2.3. Effects of heating on viscosity The viscosity of scleroglucan solutions remained extre-
The change on viscosity of EPS | and Il agueous solutions mely stable on shifting the pH either to highly acidic or
after different periods of heating (15, 30 and 60 min) at moderately alkaline values. Whereas low pH values did
temperatures ranging from 50 to P@was investigated  not affect viscosity, a pH above 13 (reached at very high
(Table 2). The viscosity values of heat-treated polysacchar- concentrations of alkali) brought about a steep decrease in
ide solutions were statistically compared (one-way ANOVA apparent viscosity (Fig. 4). This is likely to be related to the
test) revealing no significant differences even after heating loss of the triple-helical arrangement caused by the transi-
at 100C for 1 h(P = 0.4952,F = 1.004). tion to the single-stranded conformation (denaturation), a



46
500
@ 400
g
300}
2
g
g 200 +
=i
g 10|
§ —=&—EPS1
o} —e—EPSII
0 2 4 6 8 10 12 14
pH

Fig. 4. Effects of pH on viscosity. The pH of 2 g/l EPS aqueous solutions
was adjusted to the indicated pH values with HCI or NaOH as necessary.
Initial pH values were as follows: EPS |, 6.48 and EPS Il, 617 = 25°C,

TL-5 spindle,y = 3.96 I/s.

fact which is usually favoured in very alkaline environments
(Stipanovic & Giammatteo, 1989; Zentz et al., 1992).

The pH-stability may be because scleroglucan is not a
polyelectrolyte. It gives it an advantage over other polysac-
charides which are polyelectrolytes and exhibit a pH depen-

J.I. Farifia et al. / Carbohydrate Polymers 44 (2001) 41-50

Table 4

Relative viscosity of 2 g/l scleroglucan agueous solutions (EPS | and II)
after addition of different NaCl concentrations. Measurements were carried
out after complete dissolution of the salt and pH determinafiga= 25°C,

TL5 spindle,y = 3.96 I/s

Polymer NaCl (% wiv) Final pH Relative value of
viscosity+ S.E.M. (%}
EPS| 1 5.73 95.2 2.6
5 5.50 96.4+ 2.2
10 5.42 95. 7%+ 1.9
20 5.39 91.7+ 1.9
EPS II 1 6.04 85.2 1.6
5 5.67 80.4+ 3.8
10 5.68 78.8£ 2.8
20 5.58 79.8-2.4

2 Viscosity values are relative to the controls of pure polymer aqueous
solutions (EPS I: 106 1.0% pH=6.12 EPS II: 100+ 2.7%,
pH = 6.37).

(Rau et al., 1990; Wang & McNeil, 1996; Zentz et al.,
1992).

3.2.6. Effects of addition of inorganic salts on viscosity
As it can be seen in Table 3, a slight decrease on viscosity
values of EPS aqueous solutions was detected after the addi-

dence because of changes in the polymer architecture as 40on of NaCl, KCI, CaCj}, MgCl, and MnC}, while the
consequence of variations in the net electric charge on theaddition of FeCGj brought about a small increase. Although

molecule (Isobe et al., 1992; Rau et al., 1990).
Although the above results themselves have such a criti-
cal importance regarding the performance of scleroglucan

the same tendency was observed for both EPS, according to
the ANOVA test, no significant differences were detected
when adding different salts at 1% wi/v to the EPS | aqueous

under extreme conditions, heat- and pH-stability assessmengolutions(P > 0.05). However, for EPS II, the addition of

is also crucial in order to prevent polysaccharide deteriora-

salts did cause a significant viscosity chaigge< 0.05).

tion consequent on unsuitable post-biosynthesis operations The decrease in viscosity after salt addition has been

Table 3

Relative viscosity of 2 g/l scleroglucan agueous solutions (EPS | and II)
after addition of different inorganic salts for a final concentration of 1% w/
v. Measurements were carried out after complete dissolution of the salt an
pH determinationTy= 25°C, TL5 spindle,y = 3.96 I/'s

Polymer Salt (1% wiv) Final pH Relative value of
viscosity+ S.E.M. (%}

EPS | NaCl 6.14 96.8 0.6

KCI 6.26 96.4+ 0.4

CaCb 5.99 96.9+ 1.7

MgCl, 6.16 97.4+ 0.8

MnCl, 5.91 98.1+ 1.2

FeCk 1.34 102.2+ 0.6
EPS I NaCl 5.98 83.7% 3.5

KCI 6.00 81.8+1.2

CaChb 5.66 83.4+ 2.8

MgCl, 5.84 82.0+ 1.4

MnCl, 5.81 83.2+ 1.7

FeCk 1.44 111.0= 0.6

2 Viscosity values are relative to the controls of pure polymer aqueous
solutions (EPS I: 106 0.2% pH=6.31; EPS II: 100% 0.1%,
pH = 6.13).

previously reported for other polysaccharides. It is possible
that the reduction in the solvent quality might increase inter-
actions within the multi-stranded structure resulting in coil

contraction and hence a reduction in viscosity (Rau et al.,

41990).

The pH of polysaccharide solutions was determined after
complete dissolution of the added salts. It was not so differ-
ent from the initial pH of pure scleroglucan solutions, except
in the case of FeGlwhen a large decrease to pH 1.3-1.5
was observed. It has been speculated that under acidic
conditions some breakage of glycosidic linkages at the
insertion point of the side chains could occur resulting in
a less highly branched molecule which enables aggregation
and gelation phenomena (Brigand, 1993).

The influence of NaCl concentration on viscosity is
displayed in Table 4. Again, though the general trends
after adding NacCl to both EPS were similar, no significant
changes on viscosity were detected in the case of EPS |,
even at 20% w/v NaC{P > 0.05). In contrast, for EPS Il
solutions a slight decrease on viscosity was evideiied
0.05), though the increase in salt concentration caused no
significant differences. In both cases the pH after NaCl addi-
tion was almost unaffected.
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Fig. 5. Alkaline denaturation of scleroglucan (EPS I: A; EPS Il: B). EPS concentratidiyl, Ty, = 25°C, TL-5 spindle,y = 3.96 I/s.

As previously reported, a polysaccharide having a poly- osity are observed, the triple-strand helices of scleroglucan
electrolyte character is affected by the addition of salts. The probably undergo the ionization of hydroxyl groups which
binding between charged moieties of the polymer and the results in the destruction of hydrogen bonds and the subse-
surrounding ions usually determines variations on the cross-quent denaturation of the polysaccharide (Hara et al., 1982).
linking degree of the macromolecule and, consequently, on
viscosities (Isobe et al., 1992). In the present case, the inci-3.2.8. Weight-average molecular weight,\etermination
dence of salts on viscosity of EPS Il solutions is difficult to according to intrinsic viscosity measurements
explain according to the previous considerations because of |ntrinsic viscosity is related to the conformation in solu-
the neutral characteristics of scleroglucan, and it is more tion and the molecular weight of the macromolecule. The
likely related to the solvent quality as discussed above application of the well-known Mark—Houwink—Staudinger
(Cesao, Delben, Flaibani & Paoletti, 1987). equation (2) was used to calculate the sclerogludgn

It is not clear why the effect of salt on EPS | and EPS Il a
differs. A possible explanation is that subtle conformational [n] = KsMy ©
differences between EPS Il and EPS | such as variations inyhere ] is the intrinsic viscosityKs the prefactor tradi-
the degree of intramolecular interactions or coiling might tjonally deduced from measurementsMf, and [] for a
exist. This could Change the accessibility of Surrounding Series of homo'ogous fractions Of the polymer a]df]e
molecules or the chain stiffness. In this sense, further infor- Mark—Houwink exponent, relates the power law depen_
mation about the scleroglucan conformation based on suchgence of the molecular weight(,) of the intrinsic viscos-
direct observation methods as X-ray diffraction measure- jty |t is related to the shape of the macromolecule and the
ments could be important (Ogawa, Watanabe, Tsurugi & pature of the solvent.

Ono, 1972). For linear chain molecules the Mark—Houwink exponent
has a theoretical value of 0.5. The better the solvent and the
3.2.7. Effects of addition of NaOH on viscosity more rigid the molecular backbone are, the more open the

Beta-glucans with a tendency to adopt a triple-helical structure of the coil becomes, and the Mark—Houwink expo-
conformation and semi-rigid structure in neutral agueous nent increases up to a value of 1.8 for ideal rods. In the case
solution, in association with high molecular weight (about of scleroglucan fromS. rolfsii a solution structure of an
5x 10° Da), exhibit marked viscosifying ability (Yanaki, expanded coil has been previously reported (Kulicke et
Kojima & Norisuye, 1981). Nevertheless, when these g| 1997).
biopolymers are subjected to high alkali concentrations, a  yanaki established a same relationship between intrinsic
steep decrease in viscosity is usually observed because ofjiscosity and molecular weight for two polysaccharides,
their denaturation. In the present work, the EPS aqueousSchizophy”an and scleroglucan, af25n aqueous solution
solutions were subjected to different concentrations of alkali (Ngik & Lecourtier, 1993; Yanaki et al., 1981). In water,
to determine the critical point at which the polymer dena- where the polymer exhibits a triple-helical conformation,
turation takes place. the power law relation is:

According to the results obtained (Fig. 5) we can assume
that scleroglucan adopts an ordered triple-helical conforma- [1] o< My®
tion at low concentrations of alkali, below 0.15 M NaOH. At
higher NaOH concentrations, where drastic changes in visc-[7] o« M*

for M,, < 5x 10° Da

for M,, > 10° Da
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EPSII : 5.2x 10° Da(in watep and 17
x 10° Da(in DMSO)

The ratio of theM,, of the polymer in water to th#,, in
DMSO was roughly 3, which was in accordance with the
assumed triple-helical structure.

Although the weight-average molecular weight of scler-
oglucan samples were similar, some slight differences were
found with respect to the steady shear viscosity and the
interactions with salts when comparing EPS | and EPS 1l
behaviour. This might be due to the variations in the level of

change in the absorption maximum of the Congo Red—polysaccharide cross-linking and the consequent binding energjy)of the
complex at various concentrations of NaOH. Congo Red in NaOH served macromolecule (Na & Lee 1997)_ It has been mentioned

as the negative control. For more details, see Materials and Methods.

An exponent valua of 1.8 is the theoretical prediction for a
rigid-rod conformation. In the case of high molecular

that a clear relationship betwedfy, and viscosity of poly-
mer solutions does not always exist, since the latter could be
affected by the EPS solubility (Lecacheux et al., 1986).

weight polymers, which behave more like a semi-rigid 33 Helix—coil transition analysis

chain, Yanaki suggested the lower value of 1.1 (Yanaki et
al., 1981). Thus, in the case of scleroglucan aqueous solu-

tions a value ofa = 1.1 was applied. The value &fs was
calculated according to previous results for the intrinsic
viscosity and the molecular weight, determined by light
scattering for scleroglucan (Noi& Lecourtier, 1993).
This value was 33x 10 * ([n] in ml/g) and it was applied
in the following calculations, both for water and DMSO.

Scleroglucan fromS. rolfsii exhibited a triple-helical
conformation as shown by the shift in the absorption
maxima (\ma) between 0.15 and 0.25 M NaOH (Fig. 6).
The same behaviour was observed for both EPS | and Il.
Congo Red in NaOH served as the negative control. These
results are consistent with an order—disorder transition
which may be attributable to the breakage of intermolecular

Contrary to aqueous solutions, the polysaccharide hydrogen bonds (Hara et al., 1982; Williams et al., 1991).

showed Newtonian behaviour in DMSO, which was verified
up to a polymer concentration of 1 g/l. It means that visc-

The macromolecular conformation adopted by the poly-
saccharide in solution underpins two widely different appli-

osity does not depend on the shear rate, which was variedcations, EOR and pharmaceutics (Stokke et al., 1993).

from 0.396 to 79.2 I/s (data not shown). In DMSO sclero-

glucan exhibits a random coil structure as a consequence of3_4_ Gel filtration chromatography on Sepharose CL-4B

the destruction of the triplex, so a differeatvalue (0.94)
was used. It was estimated from intrinsic viscosity and
molecular weight data previously reported for DMSO solu-
tions of scleroglucan N-2 (Yanaki et al., 1981).

Intrinsic viscosities ] of scleroglucan in water and
DMSO at 25C were determined according to Huggins
and Kraemer plots. The calculated intrinsic viscosities were:

EPSI : 9,610 mlg (in waten and 277 mig (in DMSO)

EPSII : 9,510 mig (in watep and 282 mig (in DMSO)

The found values off] for scleroglucan in water were very
similar to that reported by Aouadi, Heyraud, Seigle-
Murandi, Steiman, Kraus and Franz (1991) for SCL scler-
oglucan, which corresponded to M, about 49x 1°.
Using the Mark—Houwink—Staudinger equation and the
observed f] values, it was possible to estimate the approx-
imate molecular weight of scleroglucan using reported
correlations betweeny] and M,, (see parameters above):

EPSI : 5.2x 10° Da(in watep and 16

x 10° Da(in DMSO)

In order to obtain a second value that enables to estimate
the accuracy of molecular weight determination according
to the intrinsic viscosity, an independent measurement
based on the scleroglucan exclusion profile by gel filtration
chromatography was carried out. The polysaccharide
showed a narrow molecular weight distribution and the
weight-average molecular weight was calculated to.6ex1
10° and 17 x 10° Da (corresponding to random coils eluted
with 0.25 M NaOH) for EPS | and EPS Il respectively,
according to the calibration curve with standard dextrans
(Fig. 7A and B).

The estimatedv,, of scleroglucan frons. rolfsii ATCC
201126 was in agreement with results of intrinsic viscosity
determinations and also with previous data reported so far
(El Ouriaghli et al., 1992; Lecacheux et al., 1986; Stokke et
al., 1992; Wang & McNeil, 1996).

4. Conclusions

The work reported here represents a contribution to the
knowledge of the physicochemical and rheological
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Fig. 7. Weight-average molecular weight determination by gel filtration chromatography on Sepharose CL-4B. (A) Calibration curve with staraderd dex

The elution volume is plotted against the logarithm of the molecular weight

L. mesenteroideB-512, Sigma). (B) Chromatogram of scleroglucan (EPS | and Il) eluted with 0.25 M NaOH. Total carbohydrates determined according to the

phenol-sulphuric acid method (results referred as optical density at 490

properties of the fungal polysaccharide produce8 bilfsii
ATCC 201126.

To understand this is important for specialized applica-
tions such as BRM, since the determination of physico-
chemical, conformational and structural properties of

of dextrard (1~ 73, 000, 2—M,, ~ 515000 and 3—M,, ~ 2,000 000. from

nm).

method for the preservation @clerotium rolfsiiPROIMI F-6656:
Inoculum standardization and its use in scleroglucan production.
Biotechnology Technique$0, 705—-708.

Farifa, J. I., Sieriz, F., Molina, O. E., & Perotti, N. I. (1998). High scler-
oglucan production bgclerotium rolfsii influence of medium compo-
sition. Biotechnology Letter20, 825-831.

scleroglucan is required for the subsequent correlation Farifa, J.I. (1997). Producaiode escleroglucano pclerotium rolfsii

with the biological activity observed.
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