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Abstract: The enzyme activity was studied by cultivation of six fungal strains isolated from agricultural soils.
Carboxymethyl  cellulose  (CMC),  wheat  straw  (WS) and pectin were used as carbon sources individually.
Sugar and protein assay were started two days after inoculation and repeated every two days. Amount of
glucose and protein in samples were measured by relevant reagents. Variation in released sugars and proteins
were observed in different isolates and genera in media. Statistical analysis among isolates and genera showed
significant variation in released sugars, but no statistical variations were found in released proteins. The
Trichoderma reesei S542 revealed the highest enzyme activity. Rhizoctonia solani (AG-4) showed highest
amount of released sugar in pectin medium. T. reesei S578 and R. solani (AG-1) showed the lowest amount of
released sugars and proteins respectively. Observations showed that Trichoderma has high capacity in sugar
production and enzyme activity as compare to Rhizoctonia and CMC medium rather than two other media with
that enzyme activity.
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INTRODUCTION pectin  molecules  and  are  readily  soluble in water [8].

In  nature,  a large number of bacteria, fungi, enzymes is truly remarkable and attracting worldwide
actinomycetes and yeasts are known to degrade cellulose attention. Currently, cellulases, hemicellulases and
and pectin [1, 2] and among them the major producer is pectinases are widely used in food; brewery and wine,
fungi [3]. Cellulase refers to a group of enzymes (cellulase animal feed, textile and laundry, paper and pulp industries
complex) which acting together hydrolyze cellulose as well as in research and development. Some of these
including exoglucanase (FPase), endoglucanase applications prefer one or two selected components of
(CMCase) and $-glucosidase (cellobiase) [4]. So, their cellulase, hemicellulase or pectinase, while others require
structural features have also effects on cellulose mixtures of cellulases, hemicellulases and pectinases for
degradation [5, 6]. Cellulose can be degraded to glucose maximum benefit [9]. Indeed, the demand for these
with this enzyme in synergistic action [7]. Pectinase are a enzymes is growing more rapidly than ever before and this
group  of  at least seven different enzymatic activities that demand has become the driving force for research on
contribute to the breakdown of pectin which is a cellulases and related enzymes [9]. In this investigation
structural polysaccharide found in primary cell wall and enzyme activity and enzyme production of some fungi
middle lamina of fruits and vegetables [2]. On the whole isolated from agricultural soils of north of Iran were
pectinases are hydrolytic enzymes, which hydrolyze the studied by using CMC, WS and pectin as carbon sources.

The progress in biotechnology of cellulases and related
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MATERIALS AND METHODS Statistical Analysis: Factorial test was applied to locate

Organisms  and  Subculture:  Six isolates consisting of 9.1). Differences between mean values were evaluated by
two genera, Trichoderma and Rhizoctonia were Duncan test (MSTAT-C software).
investigated. The strains were maintained on potato
dextrose agar (PDA) slants as stock at 4°C and subculture RESULTS
monthly.

Culture Media: A broth modified medium of Rad and inoculation. There were differences in measurements of
Yazdanparast [10] contained 0.05 g FeSO  7H O, 0.25 g sugar and protein assay of strains in media (Fig. 1 & 2).4 2

MnSO  H O, 0.25 g CoCl , 0.25 g ZnSO , 0.25 g (NH4) SO , Table 1 showed very significant differences (P<0.01) for4 2 2 4 2 4

2 g KH PO , 0.25 g MgSO  7 H O, 0.4 g CaCl , 0.3 g urea, released sugars and no statistical variations were found2 4 4 2 2

0.2 ml Tween 80 and 10 g CMC as a carbon source for released proteins in Rhizoctonia and Trichoderma and
(without  peptone)  was  used  for  1 L,   CMC  medium. also different isolates. All of culture media showed very
The  pectin  medium  contained  [11]  2.64 g  (NH4) SO , significant differences (P<0.01) for sugar and protein2 4

0.14 g  MgSO ,  0.34 g  KH PO   and  1 L distilled water. assay.4 2 4

The carbon source was 10g of citrus pectin. Each medium
was separated to 50 ml portions in 100 ml erlenmeyer Sugar and Protein Assay: Different genera and strains
flasks. For WS medium, 1 g of wheat straw (particle size released extracellular enzymes which caused various
average 0.5 cm) was prepared in 100 ml erlenmeyer flasks enhancements in levels of sugar produced from CMC, WS
containing 50 ml of distilled water. All of media were and pectin degradation (Fig. 1). Although there were very
autoclaved at 120°C for 20 min. significant differences (P<0.01) in released sugars of

Inoculation and Sampling: Each erlenmeyer containing and isolates in amount of protein production (Table 1 &
culture  medium  was  inoculated with three pieces (6 mm) 2). T. reesei S542 indicated the highest while T. reesei
of PDA of 48 h/old culture of the fungi and was incubated S578 showed the lowest potential of sugar production
at 25°C for one month. Sampling was started two days (Fig. 1). R. solani (AG-1) generated the highest amount of
after inoculation and was continued every two days for proteins, but it did not produce the highest released
sugar and protein assay. Erlenmeyer containing culture sugars (Fig. 1 & 2). T. reesei S542 in CMC and WS media
medium and three pieces of PDA (without inoculation) and R. solani (AG-4) in pectin medium showed the
was used as witness. highest level of sugar (Fig. 1).

Sugar Assay: Sugar assay was started two days after media, amount of sugar was enhanced from 6 to 16 days
inoculation and repeated every two days for a month. after inoculation then decreased in the days after (Fig. 3).
Release of reducing sugars in measurement days was While in WS medium several peaks of released sugars
determined by adding Arsenate-Molybdate reagent [12] were observed and successively increase and decrease of
and absorbance was read in 575 nm by released sugar were seen (Fig. 3). Also a comparatively
Spectrophotometer. For computing the glucose of high protein production occurred after WS inoculation
samples, standard was made by preparing a serial dilution (Fig. 4). CMC medium sugar production was more than
of glucose (0.01 to 1 g/l). Their absorbance were read by two other media sugar production (Table 3).
adding Arsenate-Molybdate reagent then was drew a  Protein assay during experiments showed some
standard  curve  with distinguished equation and slope gradual  changes  in released proteins concentration.
and according to the equation was calculated amount of Table 1 and 2 showed no significant differences for
glucose of each sample. released proteins among different genera and isolates

Protein Assay: Released fungal extracellular proteins between culture media, there are very significant
concentration was measured by Bradford [13] method, differences (P<0.01) in released sugars and proteins
with bovine serum albumin as standard. (Table 1 & 3).

the source of significant difference (SAS software version

The growth process started a few hours after

genera and isolates, there is no diversity among genera

In high sugar producer isolates in CMC and pectin

used between culture media. However, by comparing
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Fig. 1: Variations of enzyme activities of different isolates in CMC, WS and pectin media

Fig. 2: Variations of released proteins of different isolates in CMC, WS and pectin media

Fig. 3: Variations of released sugars in superior isolates in CMC, WS and pectin media
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Fig. 4: Variations of released proteins in isolates with the highest enzyme activity in CMC, WS and pectin media

Fig. 5: Mean comparison of released sugars on two
genera in different media

Fig. 6: Mean comparison of released proteins on two
genera in different media

Reciprocal  effect  of  isolates  and  media  showed
very significant differences (P<0.01) for released sugar
and no statistical variations for released protein (Table 1,
Fig. 1 and  2). Furthermore, in reciprocal influence of
genera and media observed significant statistical
variations for released sugars (P<0.01) and proteins
(P<0.05) (Table 1, Fig. 5 & 6).

Table 1: Analysis of variance of protein and sugar assay in different culture
media

Mean Square
-------------------------------------------

Source of variance Df Sugar (g/l) Protein (mg/l)
Treatment 20 0.00224 0.00033** *

Genus 1 0.00290 0.00003** ns

Isolate 5 0.00183 0.0001** ns

Medium 2 0.00531 0.00136** **

Isolate * medium 10 0.00130 0.00017** ns

Genus * medium 2 0.00457 0.00078** *

Total error 789 0.00017 0.00018
CV 1.7297 1.8934
p= 0.05, p= 0.01, : non significant.* ** ns

Table 2: Mean comparison of protein and sugar assay in two genera and
different isolates

Mean Square
-----------------------------------------------------

Genus Sugar (g/l) Protein (mg/l)

Rhizoctonia 0.054 b 0.0163 a
Trichoderma 0.060 a 0.0159 a

Isolate
R. solani (AG-1) 0.0504 c 0.0175 a
R. solani (AG-4) 0.0536 c 0.0158 a
R. solani (AG-3) 0.0594 b 0.0159 a
T. reesei S512 0.0622 b 0.0151 a
T. reesei S578 0.0539 c 0.0179 a
T. reesei S542 0.0644 a 0.0147 a

Means with the same letter are not significantly different (p = 0.01)

Table 3: Mean comparison of protein and sugar assay in different media

Mean Square
------------------------------------------

Medium Sugar (g/l) Protein (mg/l)

Carboxi methyl cellulose (CMC) 0.0637a 0.0196a
Wheat straw (WS) 0.0578b 0.0155b
Pectin medium 0.0505c 0.0133b
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Figure 2 and 6 explained various released proteins in In R. solani (AG-4) observed highest amount of
CMC, WS and pectin culture media for isolates and released   sugar  in  pectin  medium   while   did  not
genera. T. reesei S542 with the highest amount of released produce highest amount of proteins. This result
sugars, produced highest released proteins in CMC and suggested that the enzyme activity and or amount of
WS  media  in 12 and 10 days after inoculation, enzyme in total protein were high. In spite of CMC
respectively  (Fig.  1  &  4).  In pectin medium R. solani medium stimulated sugar production and so, enzyme
(AG-4) produced highest level of released sugars and activity more than two other media [16], WS as an
generated the most amounts of proteins in 12 day post abundant and cheaper material in nature, can also be used
inoculation (Fig. 1 & 4). for this purpose.

DISCUSSION CMC and pectin culture media in the first stage a

Enzymes speed up chemical reactions by lowering been observed. In the second stage significant decrease
activation energy (that is, the energy needed for a has been seen. While in WS culture medium increases
reaction to begin). Today, the enzymes are commonly then decrease were repeated successively. A
used in many industrial applications and the demand for comparatively  high  protein  production occurred after
more stable, highly active and specific enzymes is WS inoculation, probably due to the primary fungal
growing rapidly [9]. Cellulose, hemicellulose and pectin growth [17].
can   be    hydrolyzed    using   pectinase,   cellulase  and Decrease  in  protein  levels  after   initial  growth

-glucosidase enzymes to produce glucose, fructose, could  be  explained  on  the  basis  of  catabolic
galactose, arabinose, xylose, rhamnose and galacturonic repression.  A  decrease  in  the  activity of certain
acid (GA) [14]. A large number of bacteria, fungi, catabolic enzymes in the presence of an easily
actinomycetes and yeasts are known to degrade cellulose metabolized substrate is called catabolic repression.
and pectin [1, 2] and among them the major producer is Commonly   this    effect    is   caused   by  glucose
fungi [3]. In the present work, growth of strains started a (glucose  repression).  It  has been reported previously
few hours after inoculation. It was symptom that six fungi that glucose addition greatly repressed enzyme activity
strains could enzyme production and degradation of [18, 19].
CMC, WS and pectin as carbon sources. This result On the whole, filamentous fungi are the preferred
showed different fungi can produce extra cellular enzymes source of industrial enzymes because of their excellent
to made ready their growth requirements and all tested capacity for extracellular protein production. In regard to
strains in media had positive enzyme activity. industrial production of cellulolytic enzymes, the soft rot

Sugar and Protein Assay: According to statistical known to secrete large amounts of cellulases and can also
analysis, the sugar assay showed that there are utilize a broad range of carbon sources including pentose
significant differences among isolates and genera in sugars [20, 21].
released sugars. The protein assay showed that there are
no significant differences in released proteins in strains. REFERENCES
These significant and non significant discrepancies in
released sugars and proteins respectively, are probably 1. Nagaraju, M., G. Narasimha and V. Rangaswamy,
due to miscellaneous types of enzymes with different 2009. Impact of sugar industry effluents on soil
biochemical paths which are activated on substrates and cellulase activity. International Biodeterioration and
insignificant diversities of genetic in similar fungi. Biodegradation, 63: 1088-1092.
Trichoderma reesei S542 showed highest amount of 2. Arunachalam, C. and S. Asha, 2010. Pectinolytic
released sugars. Cellulolytic enzymes mostly produce Enzyme: A Review of New Studies, Advanced
from  fungi   Trichoderma   and   Aspergillus   [15]  while Biotech, pp: 1-5.
T. reesei S578 observed lowest level of released sugars. 3. Cen, P. and L. Xia, 1999. Production of cellulase by
This result suggested influence of insignificant genetic solid state fermentation. Advances in Biochemical
diversities in similar strains. Engineering/Biotechnology, 65: 69-92.

In relation to the time course for reducing sugars for

continuous increase in reducing sugars concentration has

fungus Trichoderma reesei (syn. Hypocrea jecorina) is
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