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The effect of initial N and C source concentrations upon formation of scleroglucan from Sclerotium glucanicum was 
examined in batch cultures. Increasing the initial N source concentration led to an increased cell mass at the expense 
of scleroglucan. High initial C source concentrations (>_ 45 kg m-3)  inhibited the microorganism significantly, 
leading to reduced product levels. Supplementation of batch cultures with additional sucrose after the initial growth 
phase could overcome these difficulties, improving polysaccharide broth concentration by up to 80% and improving 
yield of product on C source. The clear optimum time for supplementation was around 72 h, close to the point of 
N source exhaustion. 
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Introduction 

Scleroglucan is an exopolysaccharide (EPS) produced by 
Sclerotium glucanicum and by some species in related gen- 
era such as Corticium, and Sclerotinia. It is a linear chain of 
1,3-13-D-glucopyranose units with a single 1,6-[3-1inked 
D-glucopyranose at about every third residue in the main 
chain.l, 2 

Scleroglucan, by virtue of its structure and high molecu- 
lar weight, has a number of interesting properties. These 
include marked pseudoplasticity in aqueous solutions at 
low to moderate concentrations, 3 stability at high temper- 
atures and within a pH range of 2 to 12, and compatibility 
with a wide range of electrolytes. 4-7 

In terms of actual or potential applications, scleroglucan 
has attracted interest in a number of areas. The first of these 
is in chemically enhanced oil recovery. 8-1° Since up to two- 
thirds of the oil in known reservoirs may be recoverable only 
by use of agents such as scleroglucan to modify the mobility 
of the "drive water," the potential demand for such agents 
is very high. 9 The closest rival of scleroglucan in this appli- 
cation is xanthan gum. 

Scleroglucan could be widely applied in the food indus- 
try as a binding, stabilizing, or thickening agent 11-13 but 
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would have to compete with a number of existing rivals. 
Recently great interest has centered around the role of 
purified versions of scleroglucan as an antitumor and an 
antiviral agent.14,15 Scleroglucan is active against a number 
of tumor types in relatively low doses 16 and may thus be a 
promising biological response modifier (BRM). 

Despite prolonged industrial interest in scleroglucan, 
relatively little has been published regarding fermentation 
processes and the triggers for polysaccharide synthesis. 
Most scleroglucan production processes described in the 
literature are straightforward batch processes. 17 

Productivity, yield of product on C, and final product 
concentration in these processes are restricted by two major 
factors: first, the need to produce sufficient biomass to syn- 
thesize scleroglucan (the amount of cell mass formed being 
dependent on the initial concentration of the limiting nu- 
trient), and second, the generally low initial sugar (C 
source) concentration (usually 30 kg m -3 or less). Low 
initial sugar concentrations lead to low final product con- 
centrations. Since product recovery in EPS production pro- 
cesses is generally by means of precipitation using solvents, 
such as isopropyl alcohol or similar solvents,18 production 
costs are thereby increased. 19 This could result in a signif- 
icant disadvantage for scleroglucan relative to rivals such as 
xanthan gum. 

Addition of a supplementary C source later in the fer- 
mentation thus seems a promising strategy, which can be 
used to avoid or minimize any inhibitory effects of the C 
source, and to increase final product concentration and 
possibly yield. 
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M a t e r i a l s  a n d  m e t h o d s  

Cultivation of the microorganism 

s. glucanicurn (NRRL 3006) was grown for 4 days at 28°C on plates 
of potato dextrose agar (Oxoid Ltd). A cell suspension made from 
these plates, usin~ 0.01 dm -3 sterile distilled water, was trans- 
ferred to 0.1 dm - j  of batch medium in a 0.5 dm-3 conical flask. 
This was shaken at 250 rev min-  ], 28°C for 48 h, and was then 
used to inoculate a batch fermentation. 

The composition of the standard batch medium was (kg m -3): 
sucrose, 30.0; (NH4)2SO4, 1.0; MgSO4"TH20, 0.5; KCI, 0.5; 
FeSO4, 0.01; and yeast extract (Oxoid Ltd), 1.0; pH 4.5. Sucrose 
solutions were sterilized separately from other medium compo- 
nents by autoclaving at 121°C for 15 min. 

Fermentations were carried out in a 3.5 dm-3 stirred-tank 
reactor (LH1000). The following operating conditions were main- 
tained throughout the series of experiments: pH, 4.5 -+ 0.2 (con- 
trolled by automatic addition of 1 M NaOH or 1 M H 2 S O 4 ) ;  air 
flow rate, 1 vvm; stirrer speed, 300 rev min- 1 (two 6-bladed tur- 
bine impellers were used); temperature, 28°C - 0.1. 

In order to examine the effect of supplementing the broth with 
additional sucrose, sufficient sucrose was added to raise the broth 
concentration by 15 kg m -3. Addition occurred as a one-shot 
process, involving pumping in 0.1 dm-3 of an appropriate sterile 
sucrose solution. The timings of addition were 54, 72, and 96 h; 
otherwise the runs proceeded as standard batch runs. The addi- 
tion of the 15 kg m - 3 sucrose was carried out immediately after a 
sample had been taken. 

Analytical methods 

Biomass was estimated by means of filtration (GFC filters, What- 
man Ltd.) The filtered biomass was washed with two volumes of 
distilled water and dried using a microwave oven (15 min on de- 

frost setting). The filters and biomass were then cooled in a des- 
iccator and weighed. 

Sucrose was analyzed by the colorimetric method of Dubois et 
al. 20 after removal of the biomass and polysaccharide from the 
sample. Scleroglucan was precipitated from 0.005 dm-  3 samples 
of cell-free liquid by addition of two volumes of absolute alcohol. 
Samples were then filtered (GFC, Whatman Ltd), dried, and 
weighed. 

NH4 + concentration was measured using an ion specific elec- 
trode (ElL Ltd.). The dissolved 02 concentration in the culture 
was monitored using a steam-sterilizable galvanic electrode type 
G2 (Uniprobe Ltd). 

R e s u l t s  a n d  d i s c u s s i o n  

Effect of  initial NH4 + concentration 

For most extracellular polysaccharides secreted by fungi, a 
period of  cell growth usually precedes the phase of  signifi- 
cant EPS production. 21,22 Despite the implicit relationship 
between cell mass and EPS synthetic enzymes in Sclero- 
tium,]7 little has been published on how much growth (and, 
thus, synthetic capacity) is desirable before the phase of  
EPS secretion. One means of  examining this is to ensure 
that all nutrients except one are in excess, and to limit cell 
growth by altering the concentration of  that nutrient. In this 
case the initial (NH4)2SO4 level was varied from 0.00, 0.50, 
1.00, 1.67, to 2.30 kg m - 3 .  The time course of  a standard 
batch fermentation [1.00 kg m - 3  (NH4)2SO4] is shown in 
Figure 1. 

As can be seen, significant EPS secretion occurs only 
after NH4 + is at or near zero. Dissolved 0 2  reaches zero at 
around 72 h also (data not shown) in this fermentation, 
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which, it has been proposed, may also stimulate glucan 
formation.23, 24 

Interestingly, examination of Figure 1 indicates that 
"growth" continues after NH4 + exhaustion. This is un- 
likely to be true growth, that is, formation of new cellular 
material, but it may represent intracellular storage com- 
pound formation. Some authors have also indicated that 
some scleroglucan remains intimately adherent to the fun- 
gal cells as a gel-like layer. This would also be quantified as 
"growth" by dry weight measurements. 17,18 

Estimation of growth by such methods would certainly 
tend to lead to miscalculation of the product formation 
kinetics for biopolymers like scleroglucan. Based on these 
results, however, scleroglucan is clearly a non-growth- 
associated product. More accurate methods of assessing 
true growth would permit a better estimate of the value of 
the product formation coefficients to be calculated. 

Scleroglucan production and Yp/c both showed similar 
responses to give maximum values (11 kg m -3 and 0.34, 
respectively) at 1.0 kg m - 3  (NH4)2S04. Under the same 
conditions cell mass increased almost linearly from 1.5 to 

3 8.0 kg m - as the (NH4)2SO4 concentration was increased 
from 0 to 2.3 kg m -3. 

In all these fermentations, regardless of the initial 
NH4 + level, scleroglucan synthesis occurred only after 
NH4 + exhaustion. This confirms that limitation of a major 
nutrient, such as N, is essential to promote EPS synthesis in 
S. glucanicum. Many authors have advanced mechanisms 
for this stimulatory effect of N limitation upon EPS synthe- 

25 26 sis in other fungi, , but in simple terms, growth and EPS 
formation are to some extent alternatives, with priority be- 
ing accorded to the former. Scleroglucan formation has 
clear benefits to the microorganism, since it can be used as 
an energy reserve in times of C source limitation. S. glucani- 
cum has been shown to secrete a number of glucanases 
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capable of hydrolyzing scleroglucan, when no exogenous C 
source is available. 27 

The intermediate value of the optimum (NH4)2S04 
concentration represents a compromise between the need 
to have sufficient biomass (and hence sufficient glucan- 
synthesizing enzymes) and the need to have a large excess 
of the C source still available for EPS production. Clearly, 
under these circumstances it is of value to examine the ratio 
of the C to the N source. This was carried out at a fixed 
(NH4)2SO4 concentration of 1.0 kg m-3 ,  while the initial 
sucrose levels were 15.0, 30.0, 45.0, and 69.0 kg m -3. 

Effect o f  initial sucrose concentration 

There have been few published investigations on the effect 
of initial concentration of the C source upon scleroglucan 
formation, though, clearly, this will have an effect upon the 
final concentration of scleroglucan formed. Results for 
other glucan-secreting fungi, such as Aureobasidium pullu- 
lans, suggest that the cultures are progressively inhibited at 
sugar concentrations above 50 kg m -  3.28,29 

Figure 2 summarizes the results of this series of experi- 
ments. The reduced scleroglucan concentration at 15.0 kg 
m -3 sucrose is as expected, since at the point of N exhaus- 
tion, relatively little sucrose remains for conversion to 
polysaccharide (Figure 3). At higher initial sugar levels (45.0 

3 and 69.0 kg m -  ), there is a reduction in both maximum 
biomass and in maximum scleroglucan concentration 
achieved. This was not due to a lack of availability of sucrose 
during the synthetic phase, since residual sucrose levels 
were high in these fermentations (Figure 2). Neither was the 
inhibition mediated by means of reduced specific growth 
rate (p.), since tXmax in the early growth phase (before 
NH4 + exhaustion) was approximately the same in these 
runs at around 0.08 h - 1 _ 0.01 (data not shown). 
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Figure 3 Biomass, scleroglucan, residual (NH4)2S04, and residual sucrose vs time at an initial sucrose concentration of 15.0 kg m 3 

These results indicate that moderate initial sucrose lev- 
els are optimal for this process, giving highest broth polymer 
concentration, highest yield of product, and lowest residual 
sucrose concentration. Despite this, these values are still 
only around half of those achieved for xanthan production. 
In addition, scleroglucan fermentation time is up to 144 h 
compared to 50-60 h for batch xanthan fermentations. 3° It 
is to be expected, then, that based on batch fermentation 
processes, scleroglucan would compare unfavorably to xan- 
than in cost terms for bulk usage in oil recovery, for exam- 
ple, or as a food ingredient. 

Supplemented batch cultures 

From the batch studies it was clear that for scleroglucan 
synthesis to proceed, both an adequate biomass level and a 
large excess of C source were necessary. However, the ini- 
tial sugar concentration was restricted due to the marked 
inhibition of the culture at sucrose levels of 45 kg m - 3 and 
above, thus limiting scleroglucan formation. One way to 
circumvent this is to add a portion of the sugar later in the 
fermentation so that the sugar concentration never reaches 
inhibitory levels. This was achieved by adding 15 kg m -3  
sucrose to the fermenter at various times (54, 72, 96 h) as a 
one-shot addition. The total volume of the addition was 0.1 
dm -3 to a total broth volume of 2.7 dm -3; thus, any dilu- 
tion effect could be ruled out. The effect of supplementa- 
tion time upon maximum biomass and scleroglucan con- 
centration is shown in Figure 4. Fermentation with an initial 
sucrose concentration of 45 kg m - 3 is taken as an equiva- 
lent to supplementation at time zero. It can be clearly seen 
that while supplementation time has little effect on maxi- 
mum biomass concentration (Xmax), polymer concentration 

is maximal when the additional sucrose is given at 72 h. This 
is close to the point at which the N source becomes ex- 
hausted. It thus appears that the formation of scleroglu- 
can is strongly influenced by the sugar concentration at 
the point when "true growth" ceases and EPS formation 
commences. 

Figure 5 shows the effect of time of addition upon some 
optimization parameters. Maximizing the yield (Yp/c) is 
clearly of considerable economic importance, but the im- 
portance of productivity and specific productivity (produc- 
tivity per unit biomass) has also been emphasized, 31 since 
the former takes into account fermenter time usage, and 
the latter includes, in addition, a consideration of the bio- 
mass concentration. Increased fungal biomass would tend 
to reduce specific productivity and increase recovery and 
disposal costs. 

From Figure 5 it can be seen that both Pr and specific 
productivity are increased as time of addition is delayed, 
but that Yp/c shows a clear optimum at 72 h. In adopting a 
fed-batch process for scleroglucan, a balance would have to 
be struck between the clear benefits achieved, including an 
increase in EPS concentration from 10.7 to 19 kg m-3  (so 
greatly reducing recovery costs), an improved yield factor 
(0.32 to 0.47), and the drawbacks such as lengthened fer- 
mentation time (supplemented fermentations averaged 
196 h, compared with 180 h for 45 kg m -3 at time zero). 

C o n c l u s i o n s  

Significant EPS formation does not occur in Sclerotium until 
growth is restricted. After this point, the two requirements 
for EPS synthesis are sufficient active biomass (synthetic 
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capacity) and a large excess of available C source. S. glu- 
canicum is inhibited by high sugar concentrations ( _> 45 kg 
m-3).  

Inhibition can be avoided and EPS concentration mark- 
edly improved (by up to 80%) by adding supplementary C 
source at around the time when the N source becomes 
exhausted. Supplementation before or after this point is not 
so effective. 

Glossary of  terms 

Yield factor for scleroglucan on sucrose (Yp/c): 
polysaccharide produced (kg m-3) 

Yp/c = sucrose consumed (kg m-3) 

Productivity (Pr): 
Pr = max. polysaccharide concentration (kg m 3) 

fermentation time (h) 

Specific productivity (Pr/x): 

Pr lx  = e~ 
max. biomass concentration (kg 3) 
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