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Abstract: In the present study, characteristics of free and in situ immobilized (pellets of Mucor rouxii)
chitosanases were investigated. Tests included chitosanase from the culture filtrate (free form) and in situ
chitosanase as an immobilized form. Growth parameters of M. rouxii revealed that maximum yield of biomass
and enzyme activity (2.6 g /100 and 2.4 U/ml) occurred when molasses was used in the growth medium at a 3%
concentration. Effect of pH greatly affected the fungus growth; maximum production of biomass and enzyme
activity was obtained at pH 5.5, however, at pH 3.0 a formation of an exopolysaccharide bioflocculant was
occurred as a form of self-protection by the fungus under the abiotic stress condition. Optimum pH for free and
in situ immobilized enzymes was 6.0, whereas optimum temperature range for activity of free and in situ
immobilized enzymes were 30-50°C and 40-65°C, respectively. Free and in situ immobilized enzymes display
broad specificity towards colloidal chitin, chitosans with different degree of acetylation and Avicel. Values of
K  and V , for the extracted chitosanase are nearly the same for hydrolyzing of chitosans with different degreem max

of acetylation. 
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INTRODUCTION oligosaccharides (chitooligosaccharides with an average

Chitosan, a major constitute in cell walls of chitosan with an average molecular weight ranging
Mucorales, commercially obtained by deacetylation of between 3.9 kDa and 20 kDa) have many interesting
chitin that has been extracted from an abundant of properties. In addition, they are water-soluble oligomers,
shrimp or crab shells. Chitosan is  a  deactylated biodegradable and non-toxic [3].
derivative of chitin, which is one of the most abundant Chitosanases,  enzymes  catalyzing  the  cleavage of
renewable  biomass, next to cellulose, on the earth [1]. -1, 4-linked glycosidic linkages have been produced by
This biopolymer has found numerous applications in many microorganisms including bacteria and fungi and are
various fields, such as: production of food, cosmetics, also found in plants. Endo-hydrolases (chitosanases, EC
medicine, agriculture, biotechnology and environmental 3.2.1.132 and chitinases, EC 3.2.1.14) cleave in a random
protection. However, its high molecular weight, high manner the internal glycosidic bonds throughout the
viscosity  and  poor  solubility  render  chitosan difficult biopolymer chains. Exo-hydrolases, comprising -N-
to use in industrial-scale [2]. Chitosan oligosaccharides, acetylhexosaminidase, known as chitobiase (EC 3.2.1.52)
however, have recently  received  much   attention and exo- -D-glucosaminidase  attack  chitosan  chains
because they perform various biological activities, such and   chitooligosaccharides   from  their non-reducing
as inhibitory effects against the growth of bacteria and ends to yield the chitosan monomer, N-D-glucosamine [2].
fungi, activating immune response, antiviral activity, Enzymatic degradation of chitosan is easy to be
antioxidant, stimulate immune system, exerting antitumour controlled and environmentally friendly but its commercial
activity, exert fat and high blood pressure lowering and use is limited due to high prices and scarcity of specific
possesses hypocholesteromic effects [2]. Chitosan and its enzymes,  such as: chitosanase and chitinase. Currently,

molecular weight below 3.9 kDa and low molecular weight
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many of non-specific enzymes have been effectively used Medium A: Was prepared from a basal medium containing
in chitosan hydrolysis. These enzymes were as follows: (% w/v): chitosan solution (0.5), (NH ) SO (0.15),
lysozyme, cellulase, hemicellulase, lipase, papain, KH PO (0.8),  MgSO 7H O  (0.05),  NaCl  (0.01),
pectinase, pepsin and pronase [2]. Enzymatic production CaCl (0.01), supplemented with microelement containing
of chitosan oligomers were carried out  in  traditional (% w/v): CuSO (0.04), MnSO (0.05), ZnSO (0.04),
batch reactors containing free enzymes, immobilized Fe (SO ) (0.2).
enzymes, or in ultrafiltration membrane reactors [3].

Cells that naturally aggregate,  clump,  form  pellets, Medium  B: Contained beet molasses (1%, w/v),
or flocculate can be  considered  as  immobilized  and (NH ) SO  (0.15), MgSO 7H O (0.05) and KH PO  (0.1).
many industrially important products are secreted during
primary or secondary metabolites by fungal pellets [4]. Medium C: Contained beet molasses (3%, w/v), (NH ) SO
Fungal species belonging to the phylum Zygomycota are (0.15), MgSO 7H O (0.05) and KH PO  (0.1).
an ecologically diverse class of fungi, including both
saprophytic and pathogenic fungi of plants, animals and Medium D: YPG broth, contained (% w/v): glucose (1.0),
humans. The Zygomycota is divided into two classes, the peptone (1.0), yeast extract (0.1), (NH ) SO  (0.5), K HPO
Zygomycetes and the Trichomycetes. Some  species of (0.1), MgSO 7 H O (0.5), NaCl (0.1) and CaCl  (0.01).
the  genus  Mucor  (belonging to Zygomycota) such as
M. racemosus and M. indicus have been reported as The initial pH of each medium was adjusted to 5.5 and
opportunistic human pathogens which tend to cause cultures     were  incubated  under  agitated  conditions
Zygomycosis or fungal Pneumonia in patients whose (100 rpm) at 28°C. Pellets of M. rouxii were harvested after
acquired defects in their host defenses [5, 6, 7]. However, 72 hrs by filtration (Watman 42), carefully washed with
other species of Mucor such as Mucor rouxii is one of distilled water, defatted with acetone (three times), air-
the main species, industrially, used in several traditional dried at room temperature [2] and used as the in situ
fermented foods such as “Tapai” found in East- and immobilized  enzyme  (ImmB-Z).  Filtrates obtained from
Southeast Asia. Mucor rouxii is a member of the order the culture medium were subjected to precipitation with
Mucorales. Moreover, Mucorales are a well-known ammonium sulphate (70%) for partial purification and
source for recovery of chitin and chitosan from its cell directly used as source for a culture free chitosanase
wall [8], chitin deacetylase [9, 10], chitosanase [11-13], (CulF-Z).
glucosamine [14], oleanolic acid derivatives [15] and
ethanol [16]. However, few research articles are reported Enzymes Assay: Activity of the CulF-Z was assayed
regarding chitosanase in situ as an immobilized form [2]. using  chitosan  solution (1g of chitosan in 2% acetic
This feature led us to study in situ kinetic behavior of a acid) or colloidal chitin (1%) as the substrates (11). A
chitosanase in pellets of the fungus M. rouxii as an reaction mixture contained: 1.0 ml of chitosan solution, 1.5
immobilized form. Thus, the aim of the present study is, to ml of 0.2 M acetate buffer (pH 5.6) and 0.5 ml of enzyme
optimize conditions for production of chitosanase of solution. Activity of in situ ImmB-Z was assayed by
Mucor rouxii and to study in situ kinetic behavior of the mixing 1.0 g pellet with 1.0 ml of chitosan solution, 1.5 ml
immobilized enzyme, using beet molasses as low-cost of 0.2 M acetate buffer (pH 5.6) 0.5 ml of enzyme solution
carbon source, with a comparison between the free and and assayed in the same way as the free enzyme [2].
immobilized form of enzyme. Content of reducing amino-sugars released was

MATERIALS AND METHODS Readings were converted to molar quantity using a

Microorganism and Culture Conditions: The strain, glucosamine for chitinase and chitosanase, respectively.
Mucor rouxii was obtained from the Microbial Chemistry One unit of enzyme activity was defined as the amount of
Department, National Research Centre, Dokki, Giza, Egypt enzyme that released one micromole of reducing sugars
and cultivated on potato dextrose agar for 72 hrs at 28°C. per min. Reducing sugars released were detected by using
Spores were washed and suspended in distilled water and the dinitrosalicylic acid solution [18]. Glucosamine was
inoculated (2% v/v) in different media [2] as follows: determined by Elson-Morgan method [19]. 
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determined at 540 nm by the Somogyi-Nelson method [17].

standard calibration curve with N-acetylglucosamine or
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Enzyme Extraction from Mucor Mycelium: Extraction of Hydrolysis of Chitosan: A reaction mixture, under the
chitosanase from M. rouxii mycelium was performed by
three methods: homogenization, detergents and freezing
according to the method of Struszczyk et al. [2]. Extraction
by freezing was performed using air-dried  and  defatted
M. rouxii mycelium (1 g), suspended in 0.1 M acetate
buffer (pH 5.6),frozen at a refrigerator and ground (2 times)
in a mortar at 0°C for 10 min, using grindery ice. The
homogenate was centrifuged at 7000 × g for 20 min and
the supernatant was used as a crude enzymatic extract. 

Preparation of Colloidal Chitin and Chitosan Solutions:
Soluble chitosan (30% acetylated) was prepared as
described by Fenton and Eveleigh [20]. Chitosans with
different degrees of deacetylation (DDA: 50, 70, 98%)
were prepared of crab chitin by alkaline deacetylation
according to the methods reported by Sannan et al. [21]
and Kurita et al. [22]. Colloidal chitin was prepared from
flaked chitin by the method of Monreal and Reese [23].
Chitin flakes were added to 6N HCl and kept overnight at
4°C. The suspension was added to a 50% cold ethanol
with stirring and then kept overnight at 4°C. The
precipitate was collected by centrifugation at 5000 x g for
20 min, washed frequently with distilled water to
completely remove the acid and until the colloidal chitin
became neutral (pH 7.0). As the desired pH was attained,
the colloidal chitin was filtered through Whatman filter
paper No.1, collected and stored at 4°C.

Protein Assay: Protein was determined by Lowry method
(24) using bovine serum albumin as the standard.

Enzyme Characterization: Effect  of  pH  on  activity  of
M. rouxii chitosanolytic enzymes was estimated on the
basis of assays carried out at 40°C and over pH range
between 3.5 and 8.0. The temperature optimum of
chitosanolytic enzymes was determined by measuring
residual activity over a temperature range between 5°C
and 60°C, at pH 6.0.The pH stability of chitosanolytic
enzymes was determined by measuring residual activity
after pre-incubating (for 30 min at 4°C) in 0.1 M sodium
phosphate buffer (6.0). Thermal stability of chitosanolytic
enzymes was evaluated by incubation for 30 min at
temperature varying from 5 to 100°C followed by residual
activity assays under standard conditions [2]. For
determination of substrate specificity of M. rouxii
chitosanolytic enzymes, various substrates, e.g. chitosan
with different DDA, colloidal chitin and sodium
carboxymethyl cellulose were tested.

conditions described above, was prepared. The increase
in reducing sugars contents during enzymatic degradation
of polymer was calculated, where the concentration of
reducing sugars (amino-chitooligomers) was estimated by
Somogyi-Nelson method using glucosamine or N-
acetylglucosamine as the standards (17). Chitosan
digestion was carried out at 40°C for 24 h and was
terminated for 5 min incubation in a crush ice. For
controls, the same mixture was prepared without the
enzymes. One unit (U) of hydrolytic activity of
chitosanolytic enzymes was expressed as an amount of
enzyme necessary to produce 1ìmol of reducing sugar per
1min.

Chemicals: Chitosan  (30%  acetylated), D-glucosamine,
N-acetylglucosamine and bovine serum albumin were
purchased from Sigma Chemical Co. Commercial chitin
(from crab shells) was gifted by Prof. Dr. Foda M.S.
Microbial Chem. Lab, NRC, Giza, Egypt. Other chemicals
were purchased from Sigma Chemical Co.

RESULTS AND DISCUSSION

Parameters for Chitosanase Production:

Effect of Medium Components: Chitosanases is
known to be activated by chitosan or glucose, used
as a sole C-source in a culture medium [2]. In the
present study, effect of these polymers, in
comparison with beet molasses as low-cost carbon
source, on biosynthesis of chitosanase and biomass
yield by M. rouxii was evaluated. Results in Fig. 1
showed that, molasses is the best C-source for
enzymes and biomass yield followed by chitosan.
Biomass yield of M. rouxii reached 1.6, 1.9, 2.6 and
0.95 g/l for media A, B, C and D, respectively.
Maximum yield of reducing sugars was obtained with
medium A, B and C.

However, medium C (3% beet molasses) showed the
highest production of chitosanase, reducing sugars and
biomass; which reached 2.4, 3.3  and  2.6,  respectively
(Fig. 1), whereas chitosanase activity and biomass yield
decreased with molasses  at  a  1%  concentration
(Medium B). Low levels of reducing sugars and biomass
yield were achieved with glucose as a C-source (medium
D) despite of the higher chitosanase activity (Fig. 1).
Thus,  beet   molasses   medium   was   the   optimum   for
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Fig. 1: Effect of medium with different carbon sources on culture, where a maximum biomass yield was
production of chitosanase (left column), reducing occurred at 100 rpm (2.5 g/100ml) after which it
sugars (middle column), and yield of biomass gradually decreased with agitation up to 150 rpm. At
(right column) by M. rouxii. the same agitation rate (100 rpm), optimum

Fig. 2: Effect of agitation rate on growth (dashed line) and Effect of Beet Molasses Concentration: When grown
chitosanase activity (solid line) by M. rouxii. with different concentrations (3% or 5%) of beet

chitosanase production by M. rouxii. On contrary, YPG U/ml extracted chitosanase (Fig. 3A). Moreover,
medium was found to be optimum for chitosanase activity of in situ chitosanase remained stable along
production by several microorganisms [25-27]. a period reached 120 hrs (Fig. 3A). On other hand,
Preparations of M. circinelloides mycelium harvested high concentration of molasses (5%) resulted in low
from YPG medium displayed the highest exo-chitosanase yield of both dry weight (1.0 g/100ml) and
activity and the relatively low endo-chitosanase activity chitosanase (Fig. 3B). Worthy mention is that, a low
[11]. In our study, chitosanase obtained from M. rouxii yield in dry weight of biomass was occurred after 120
using beet molasses medium displayed both endo- and hrs, accompanied with high chitosanase activity in
exo-chitosanase activities. the culture filtrate (Fig. 3A and B). This result may

Beet molasses has widely been used for production probably be due to fungal cell wall autolysis by the
of ethanol, lactic acid, bacteriocins, phenolic compounds enzyme [12]. 
and polysaccharides such as xanthan. Beet molasses is a
great source of carbohydrates and stimulates the growth The pH Effect of Growth Medium: Effect of pH on the
of beneficial microorganisms. It is also a great source of growth of M. rouxii is wonderful. When grown with beet
minerals (such as sodium, calcium, magnesium and molasses (3%) at a pH 5.5, M. rouxii exhibited the greatest
potassium) and trace elements such as Fe , Mn , Cu yield   of  biomass associated with 2.4 U/ml of chitosanase2+ 2+ 2+

and Zn  [28]. Beet molasses contains mainly three sugars activity. Surprisingly,  when  the  fungus  was  grown   at2+

(glucose, sucrose and fructose) and may serve as a
favorite carbon source for many of microorganisms [29].
In addition to sugars and minerals, molasses contains
significant amounts of sulfur, fats, free and bound amino
acids and a variety of micronutrients [28]. On other hand,
no pre-treatment was required for beet molasses to be
utilized by the fungus.

Effect of Agitation Rate: Effect of agitation rate on
yield of biomass and enzyme activity was tested.
Results in Fig. 2 revealed that, growth of M. rouxii
was increased with agitation compared to static

chitosanase activity was also recorded by tested
organism and slightly dropped thereafter (Fig. 2).
Generally, major roles of providing agitation rate are
for improving mixing, biomass yield and heat transfer
in submerged bioprocess. On contrary, however,
other studies reported that, optimal chitosanase
production was obtained at an agitation speed of 150
rpm [30, 31]. Reduction of biomass and chitosanase
production by M. rouxii at higher agitation rates may
probably be due to negative effects on
morphological states such as rupture cells, autolysis,
as well as changes in fungal pellets [32].

molasses, M. rouxii exhibited the greatest yield of
biomass at a 3% concentration associated with 2.4
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Fig. 3: Growth of M. rouxii (dashed line) and chitosanase immobilized (solid line) chitosanases as a function
activity (solid line) at different concentrations: (A) of pH (A) and temperature (B) values
3% or (B) 5% of beet molasses.

abiotic stress value (pH 3.0), an exopolysaccharide (EPS)
was formed by the fungus as a form of self-protection.
Moreover, the EPS exhibited a flocculating property for
aggregation  and  precipitation  of  charcoal    particles
(Fig. 4).

Methods of Intracellular Protein Extraction: Extraction of
chitosanase from mycelium of M. rouxii was carried out
by various methods, e.g.: extraction with detergents,
homogenization, freezing and grinding [11]. Efficiency of
protein extraction from fungal mycelium indicated that, the
highest yield of protein in cell-free extracts of M. rouxii
mycelium was achieved by treatment with freezing and
grinding. Extraction of chitosanase by methods of
detergents and homogenization of mycelium, yielded
higher protein but considerably inactivated the enzyme
(data not shown). Reduction in enzyme activity may
probably be due to inactivation of enzyme by such
methods [11].

Fig. 4:  Efficacy of the crude exopolysaccharide flocculant
produced by Mucorrouxii, at pH 3.0,in aggregation
and precipitation of charcoal particles:
precipitating action (left tube) in comparison with
control (right tube).

Fig. 5: Activity profiles of free (dashed line) and in situ

Characterization of M. rouxii Enzymes:

Effect of pH and Temperature: Effect of pH and
temperature on free and in situ immobilized
chitosanases from M. rouxii is studied. Results of pH
tests revealed that, low or high pH values beyond
the optimum decreased the enzyme activity (Fig. 5A).
Optimum range for activity of free and in situ
immobilized chitosanases is between pH 5-7. Effect of
temperature revealed that, optimum range for activity
of  free  and  in  situ immobilized chitosanases was
30-50°C and 40-65°C, respectively (Fig. 5B).
Reduction in enzyme activity may be due to
denaturation of protein (free enzyme), or due to
diffusional effects (in situ immobilized form) that
reduce protecting of the enzyme against heat
denaturation [33].
Specificity in Chitosan Degradation: Effect of DDA
of chitosan on activity of M. rouxii enzymes are
shown in Table 1. Results indicated that, free and in
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Table 1: Substrate specificity of M. rouxii enzymes.
Relative activity**
----------------------------------------------

Substrate* Cult F-Z In situ Imm B-Z
Colloidal chitin 52 63
Chitosan 50% deacetylated 100 100
Chitosan 70% deacetylated 89 94
Chitosan 98% deacetylated 91 96
Carboxymethyl cellulose (CMC) 55 65
Avicel (crystalline cellulose) 63 77
*At a concentration of 1% under standard assay conditions (M&M). 

**Maximum values with chitosan 50% deacetylated were set as 100%.

situ immobilized enzymes produced by M. rouxii
strain display broad specificity towards colloidal
chitin, chitosans with different DDA and Avicel.
Results also  revealed  that,  these  enzymes   can
hydrolyze the glycosidic bonds in these glycans
(endo-hydrolases). The occurrence of glucosamine in
the mixture of products of chitosan degradation
suggests that also the exo-hydrolases contribute to
the biodegradation of chitosan by the M. rouxii
enzymes. Chitosanases from various sources display
different hydrolytic action patterns, which depend on
the substrate deacetylation degree (DD) and/or
molecular weight. Struszczyk et al. [11] have reported
that, endo-hydrolases produced by M. circinelloides
strain display the high specificity for chitosan with
the low DD, whereas the polymer with high DD
favored the function of exo-hydrolases. Their results
revealed also that endo-chitosanases from M.
circinelloides can’t hydrolyze glycosidic bonds in a
colloidal chitin Na-carboxy- methylcellulose and that
glucosamine was detected due to chitosan
degradation suggesting the presence of exo-
hydrolases [2]. Chitosan degrading enzymes
produced by species of Mucor showed the high
specificity for biopolymer with the high degree of
deacetylation (DDA). Most chitosanases are endo-
acting enzymes and their activity stringently depends
on DDA of the substrate [25]. On other hand,
polymers with high degree of acetylation favored the
function of exo-hydrolases.
Hydrolysis of Chitosan: Kinetic studies were only
undertaken     for  free  extracted  chitosanase
(partially purified with ammonium sulfate). Values of
K and V  from velocities obtained with chitosansm max

have different DDA were convergent (Fig. 6),
suggesting efficiency and multi-specificity of the
enzyme for hydrolyzing chitosan with- or free- of the
acetyl content. Values determined for K  and V   inm max

Fig. 6: Lineweaver Bark plots of free chitosanase
(partially purified) activity as a function of
substrate concentration. Estimation of Km and
Vmax values were measured in presence of
chitosans with different DDA: (A) 50%, (B) 70%,
or (C) 98%. Kinetic studies were carried out at 40ºC
pH 5.6 (acetate buffer) under conditions
corresponding to linear variation of activity.

Fig. 6 A, B and C), respectively, showed small
variations of V  values observed among themax

different chitosan preparations used. On other hand,
large quantities of D-glucosamine were also
determined in the hydrolysis process, suggesting
presence of exo-hydrolases [11].
Stability of Chitosanase during Storage: Stability of
the in situ immobilized chitosanase (after extraction
of enzyme and precipitation with ammonium
sulphate) was recorded up to 12 months of keeping at
refrigerator conditions. No change in activity was
recorded during first 3-months, whereas activity of
the enzyme slightly decreased by approximately 1.2%
after 6 months. Gradual inactivation was occurred
after 9 months; the enzyme activity was decreased by
1.8%. After 12 months, the enzyme lost 2.3% of its
activity (data not shown). It is suggested that,
enzyme gradual inactivation was caused by the
leakage of proteins from the mycelium [2]. Fig. 7,
represents activity of the extracted chitosanase (after
keeping of pellets for 6-months), on hydrolysis of
flaked chitosan (30% acetylated at 1% concentration),
indicating, to large extent, stability of the in situ
immobilized chitosanase for a long period. Moreover,
concentration of reducing amino sugars (such as
glucosamine) in the hydrolyzate reached 41.8 U/ml
after 6 hrs of hydrolysis, which is higher, in
comparison with other studies using wild fungi for
production of glucosamine [34, 35].
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Fig. 7: Activity of the extracted chitosanase (after fungi are remarkable in that they are able to survive, grow,
keeping of mould pellets for 6-months), on respond and adapt to adverse environmental stressors
hydrolysis of flaked chitosan after 24 hrs at 37°C such as heat or cold, high or low pH, antimicrobials or
(left bottle),    in   comparison   with     control even the human immune system, by changes in gene
(right bottle). expression, ensuring their survival. When the stress

Beneficial microorganisms are well known to extracellular physical or chemical environmental stimuli
contribute to the welfare of humanity. These into a specific cellular response, resulting in altered gene
microorganisms can convert food industrial wastes into expression and enzyme activities to pass on, survive and
valuable products [36]. The ability of microorganisms to resist abiotic stress [39]. Production of such bio-
convert large and complex molecules into the simplest one polysaccharides requires expensive substrate(s), leading
depends upon the type of culture and the growth to the problem of high production costs. In the present
requirements. Selection of a suitable culture to convert a study, exposure of M. rouxii to abiotic stress (pH 3.0)
specific type of substrate into useful product, thus, plays resulted in formation of an exopolysaccharide possesses
a vital role in fermentation technology [36]. For the good flocculating properties. Exploiting an inexpensive
production of valuable products, cheap and low-cost substrate such as beet-molasses as a by-product of
substrates are being used to reduce the production costs. sugarcane industry effectively reduce the production
In the present study, we have evaluated the nutrient costs.
supplementation with beet molasses and it was found that
beet molasses could be used for enhancing efficacy of the CONCLUSION
growth and yield of biomass and chitosanase production
by M. rouxii. Molasses contains  essential  nutrients  for Generally,    any   enzyme   in   its   natural    site
microorganisms as well as metal ions and amino acids. (mould pellets), is more tolerant to the environmental
Reyed [37] has reported that addition of molasses (5%) to parameters such as pH and temperature, compared to the
skim milk (12%) supported and enhanced the growth of free form and hence, it is suitable for storage, transport
bifidobacteria and lactobacillus more  than  other and for industrial applications. Results in the present
dietary carbohydrates and that acetic acid and lactic acid study,     provide    evidence   that   chitosanases   from
production were enhanced when bifidobacteria were M.  rouxii  can  be  used  for  production  of oligomers
grown in the presence of molasses. In the present study, and D-glucosamine from chitosan. It was found that
in fact, the fungus M. rouxii produced high levels of Mucor  mycelium  displayed  mainly  the  activity of
chitosanase, using beet molasses, under normal endo-hydrolases capable of cleaving B-1,4-glycosidic
conditions, whereas it produced an exopolysaccharide bonds  in  chitosan  and  also  exo-hydrolases that yield
under acidic conditions (pH 3.0). In addition, enzyme D-glucosamine and hydrolyze highly acetylated forms
extract produced by the strain can efficiently degrade (Chitin) as well as Avicel and CMC. Enzymes from M.
chitosan. rouxii  mycelia  are  characterized by high chitosanolytic

Depending on specific environmental conditions,
microorganisms can produce EPSs of particular
composition and physiochemical properties and this
promotes the survival of microbial populations. Stress is
a change in the genome leading to a decrease in the
growth rate or survival. Stress responses are of particular
importance for microorganisms, because their habitats are
subject to continual changes. When thrive in an extreme
environment, microorganisms develop certain adaptation
mechanisms which may be useful for their defense. Some
microorganisms have the ability to synthesize EPSs which
are often thought to have a protective function for
microbial cells against abiotic stress [38]. Bacteria and

exceeds, bacteria and fungi sense and convert
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activity, high stability during their storage and low 10. Pallavi,  N.,  G.  Vandana  and  D.  Mukund,    2004.
production costs. Application of enzymes from M. rouxii The extracellular constitutive production of chitin
can be successfully used in many branches of industry. deacetylase in Metarhizium anisopliae: possible
On  other hand, exposure of M. rouxii to abiotic stress edge to entomopathogenic fungi in the biological
(pH 3.0) resulted in formation of an exopolysaccharide control of insect pests. J. Invert. Pathol., 85: 80-88.
flocculant possesses good flocculating properties, using 11. Struszczyk ,K., M. Szczêsna-Antczak, M. Walczak
an   inexpensive  substrate  such as beet-molasses as a and T. Antczak, 2008. Isolation and purificationof
by-product of sugarcane industry to reduce the intracellular chitosanolytic enzymes of Mucor
production costs. circinelloides. In: Jaworska M. M. (ed.), Progress on
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