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ABSTRACT

The production of cellulose degrading enzymes by cultivation of fourteen fungal strains which isolated from
agricultural soils has been studied. Carboxymethyl cellulose (CMC) and wheat straw (WS) were used as carbon
source individually. Statistical analysis among strains showed substantial variation in released sugars, but no
substantial variation in released proteins. The Trichoderma reesei S542 gave the highest cellulase activity in CMC
and WS media. Rhizoctonia solani (AG-1) showed lowest amount of released sugar while Penicillium citreonigrum
had the highest protein production. The best pH and temperature for enzyme activity on T. reesel S542 were 4.5-4
and 55°C in CMC and WS media respectively. Glucose was detected as a degradation product by thin layer
chromatography. Electrophoresis of the crude enzymes of T. reesel S542 revealed one major protein having a
molecular mass 50 KDa on both of media.
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INTRODUCTION

Cellulose, hemicellulose and ligname the major structural component of woody plamd non-woody plants such
as grass and represent a major source of reneweddaic matter [25]. The total amount of cellulaseearth has
been estimated at 7xfGons [8]. Cellulose is polysaccharide with thenfiata (GHsO10) », Where ranges from 500
to 5000, depending on the source of the polymersisting of a linear chain of several hundred terden thousand
B (1—4) linked D-glucose unit [37]Cellulase refers to a group of enzymes (cellulazs@mpiex) which acting
together hydrolyze cellulose including exoglucangééase), endoglucanase (CMCase) ghdlucosidase
(cellobiase) [27]. Therefore, their structural feas have also effects on cellulose degradation 223 Cellulose
can be degraded to glucose with this enzyme inrgiste action. A large number of bacteria, fungida
Actinomycetes are known to degrade cellulose [28]rbost bacteria can not utilize crystalline celid, which can
be done by many filamentous fungi With Trichoderma as the leading one. Other fungal species were showe
interesting cellulose producers, suchHasnicola [40] or Aspergillus [11] but some unstudied strains could reveal
some peculiarities of cellullases since much &tilbe known on this class of hydrolases. Reseasdigre strong
interests in cellulases because of their vast eajidins in industries including starch processigigin alcohol
fermentation, malting and brewing, extraction afitfrand vegetable juices, pulp and paper indushy textile
industry [13- 44]. One of the potential applicagof cellulases is the production of fuel ethancdnf
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lignocellulosic biomass [10] which is a good sutosé for gasoline in internal combustion engin@sllulases are
commercially available, but still too expensive fproduction of fuel ethanol. Another problem is tthhese
enzymes are not developed for hydrolysis of ligHiat®se [7], and usually produced using glucosea®on source
[41]. In this investigation cellulase activity arehzyme production of some soil borne fungi isolafesm
agricultural soils of Iran were studied by using CMind wheat straw as carbon sources. Furthermare so
characteristics like optimum pH and temperature dozyme activity and electrophoretic studies of émeymes
have been discussed.

MATERIALS AND METHODS

Organisms and subculture
Fourteen isolates consisting four gendRaizoctonia, Aspergillus, Penicillium and Trichoderma were investigated.
The strains were maintained on potato dextrose @i2A) slants as stock at@ and subculture every month.

Culture media

A broth medium containing 0.05 gr FeS@H,0, 0.25 gr MnSQ@ H,O, 0.25 gr CoGl 0.25 gr ZnSQ 0.25 gr
(NH4),SCOy, 2 gr KH,PQ,, 0.25 gr MgSQ 7 H,O, 0.4 gr CaGl 0.3 gr urea, 0.2 ml Tween 80 and 10 gr CMC as a
carbon source (without peptone) was used for 1MCGnedium [33]. For WS medium, one gram of wheedvst
(particle size average 0.5 cmps prepared in 100 ml erlenmeyer flasks contgibit ml of distilled water. Both of
media were autoclaved at 120 °C for 20 min.

Inoculation and sampling

Each erlenmayer containing culture medium was itated with three pieces (6mm) of PDA of 48 h/oldtune of
the fungi and were incubated at Z5for one month. Sampling was started two days afteculation and has been
continued every two days for sugar and proteinyasssa

Measurement of sugar and protein concentration
Five pl of broth medium were sampled for sugar ysdaeleased sugars concentration was determinéddanate
Molibdate reagent [20]. And extracellular proteamcentration was measured by Bradford method [6].

Ammonium sulphate precipitation of supernatant

The supernatant of the medium furvgas subjected to fractionation by ammonium sulplpeieipitation at 50%
saturation to remove some proteins, followed by 9&#furation in a second step to gain most of thielase

activity. The pellet was resuspended in 50 mM Swodacetate buffer pH 4 and dialysed against doulsitileld

water overnight [35]. The partially purified celide was treated at 4 °C and used for further stugiated to
electrophorese for molecular weight determination.

Optimization of temperature and pH for improving cellulase Activity

The optimum temperature of partially purified c&dke was determined at 30 to 80 °C. Effect of pHenrmyme
activity was determined by incubating crude enzymeuffers of different pH for 1 h. The buffers dsevere 50
mM sodium citrate buffer, pH 3 to 6 and Tris-Hclfleu, pH 7 to 9 at room temperature (25 °C).

TLC analysis

Thin layer chromatography was confirmed using ailgel 60G (Merck) in a solvent system of butan/agmtic
acid/water (2:1:1, by vol.), and sugars were vigeal by heat treatment at 120 for 10 min after the spraying of
50% (v/v) BSQ, in methanol [38].

Enzyme assay

All detected gel bands were cuted after electroggierand then incubated in 1.5 ml CMC and WS matia °C
overnight. Then cellulase activity was determingdklmssem and Nannipieri [20] method. Existence wfass in
tubes containing culture medium was a strong doatirtieat the fungi produced cellulase in order tgrdde
cellulose.

Electrophoresis and staining

To determine molecular weight of cellulase enzynaepply acrylamide gel electrophoresis was perfdrimethe
absence of SDS in Laemmli [21] system. Poly acridengel electrophoresis with absence of SDS wasechout

at room temperature for 2.5 h with a 120 V. Thetgirobands were observed by staining with coomdssikant
blue G250 (Sigma). The molecular weight of the wtalle was determined in comparison to marker protei
(standard protein marker, 14.4-116 KDa; Fermeni&s)).
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Statistical analysis
Analysis of variances were conducted using SAS [{] statistical software.

RESULTS

The growth process started a few hours after iradicul. There were differences in measurements gérsand
protein assays of strains in both media (Figurg)1Table 1 showed substantial differences forasde sugars and
no statistical variations for released proteins ragndifferent isolates. Both CMC and WS culture raeslhowed
substantial differences for protein and sugar assay
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Fig. No. 1: Variations of cellulolitic activities o different strains in CMC and WS media
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Fig. No. 2: Variations of released proteins on diffrent isolates in CMC and WS media

Sugar and protein assay

Different strains released extracellular enzymeghvicaused various enhancements in levels of suganduced
from CMC and WS degradation. Although there werbstantial differences in released sugars of diverse
similar genera and strains, there is no diversitprg isolates resulted to amount of sugar prodadfi@ble 1).T.
reesei S542 indicated the highest whil&k. solani (AG-1) showed the lowest potential of sugar production
respectively (Figure 1, Table 2). In the high sygaducer isolate, amount of sugar has been entidrara 6 to 16
days after inoculation in CMC medium then decreasiéer days. In WS medium several peaks of releasgdrs
had been observed Oyreesei S542 and successively increase and decrease aimgdiugar has been seen (Figure
3). CMC medium sugar production was more than W8imnme sugar production (Table 1, 3). Protein assaynd
experiments showed some gradual changes in relgmstzin concentration. Table 1 and 2 showed ntankial
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differences for released proteins among differentates used intra CMC and WS culture media. Howyelwe
comparing between two culture media, there aretanhbal differences in total released proteins (&dh 3). Figure
2 explained various released proteins in CMC and aM8&ire media for diversisolates.T. reesei S542with the
highest amount of released sugars produced higdlestsed proteins in CMC and WS media in 12 and&l@ after
inoculation, respectively (Figure 4).

Table 1 Analysis of variance of protein and sugarssay on CMC and WS culture media

Source of variance Df Means
' Sugar assay (g/L)  Protein assay (mg/L)
Isolate 13 0.00162296 0.00011985
Medium 1 0.00239529 0.00203659
Isolate*medium 13 0@46744 0.00025192
Total error 1232 0.00023637 0.00016073
CV 2.052034 762938
p= 0.05, p=0.01,"™: non significant
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Fig. No. 3: Variations in released sugars fronT. reesel S542 during sampling days on CMC and WS media
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Fig. No. 4: Variations in released proteins fronT. reesei S542 during sampling period on CMC and WS media

Effect of temperature and pH on enzyme activity

Temperature optimum for enzyme activity was obsgae55 °C on both media. Results from Figure Snvaubthat
at temperatures higher than 55 °C enzyme startesses its activity rapidly as the denaturatiorttef enzymic
protein occurs at elevated temperatuRssults of enzyme assay showed that the cellelasgmes had an optimum
activity at a pH value of 4.5 and 4 in CMC and W&dia respectively (Figure 6).
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Table 2 Means comparison of protein and sugar assay different isolates

TLC

Isolat Mean

solates Sugar (g/L)  Protein (mg/L)
Trichodermareesel 542  0.072041a  0.016167a
Aspergillus carbonarius 0.067757ab  0.017500a
Trichodermareesel 512  0.066365a-c 0.015833a
Aspergillus foetidus 0.065939a-c 0.017667a
Aspergillus aculeatus 0.065624a-c 0.017500a
Aspergillus janthinellum  0.064934a-c 0.013833a
Penicillium chrysogenum  0.062839b-d 0.018833a
Trichoderma reesel 578 0.062033b-d 0.019500a
Rhizoctonia solani (AG-3) 0.061742b-d 0.017467a
Penicillium flutanum 0.059154c-e 0.016833a
Penicillium citreonigrum  0.056702d-f 0.019667a
Penicillium citrinum 0.054724ef 0.015333a
Rhizoctonia solani (AG-4)  0.051658f 0.017167a
Rhizoctonia solani (AG-1)  0.050654f 0.019333a

Means with the same |l etter are not significantly different (p=
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Fig. No. 5: Effect of different temperatures on célilase activity
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Fig. No. 6: Effect of varying pH values on cellulas activity

A glucose spot was observed on TLC plate. Thisltresas indicated biochemical paths that carbon ®was

conversed (Figure 7).

Table 3 Means comparison of protein and sugar assayn different media

Medium Means -

Sugar assay (g/L) Protein assayl(jng
Carboxymethyl cellulose (CMC) &B627 a 0.019143 a
Wheat straw (WS) 0.059540 b 0.01519 b
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Fig. No. 7: Substrate specificity and degradation qoducts of Trichoderma reesei S542 by TLC (A) Lane 1, 2 and 3 standard sugars:
glucose (G1), fructose (G2) and cellobiose (G3) Lad,T. reesei S542in CMC medium. Lane 5,T. reesei S542 in WS medium

Electrophoretic studies

Protein bands with cellulolytic activities were idiféied using gel electrophoresis and sugar asssthod. The band
including enzyme activity had 50 KDa molecular maskereas the other bands had lower and higherculalie
weights (Figure 8).

Fig. No. 8: Molecular mass determination of partialpurified cellulase by SDS-PAGE, lane MW, moleculaweights in KDa of standard

marker; lane 1, standard protein markers 3-galactoglase (116 KDa), Bovine serum albumin (66.2 KDa), valbumin (45 KDa), Lactate

dehydrogenase (35 KDa), REase Bsp981 (25 KDa), [&ttaglobulin (18.4 KDa), Lysozyme (14.4 KDa); lane,%rotein profile from CMC
medium; lane 3, protein profile from WS medium inT. reesei S542

DISCUSSION

The environmental and ecological being pointegsués in the interest of today's society, like Hwavcellulase can
be successfully used to fulfill cellulose degradatis the main objective of the researchers, whidedetermination
of cellulase activity is the focus of the study .[Zellulolytic enzymes play an important role in urats
biodegradation processes where plant lignocellalosaterials are efficiently degraded by cellulaytungi and
bacteria. In industry, these celluloytic enzymesehtound novel applications in the production amdcpssing of
chemicals, foods and manufactured goods such &, pa@yon and cellophane. Cellulases, for instdrae been
extensively utilized for extraction of valuable gooments from plant cells, improvement of nutritibmalues of
animal feed and the preparation of plant protoplasgenetic research [26]. The cost of the cditimenzymes is
one of the factors determining the economics ofiacdialytic process and it can be reduced findipjnaum
conditions for their production [24]. Despite thmpressive collection of lignocellulolytic microomgjams only a
few have been studied extensively [16]. Accordimghis, it is important to determine the hydrolytipabilities of
wood degrading organisms to achieve better digestiocellulosic materials for industrial purposé&2]. In the
present work growth of strains started a few hadter inoculation. It was symptom that fourteendustrains could
cellulase production and degradation of CMC and &gSarbon sources. This result showed differengifaan
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produce extracellulaenzymes to made ready their growth requirementsadintésted strains in both media had
positivecellulase activity.

Sugar and protein assay

According to statistical analysis, the sugar asdaywed that there is substantial differences anigolgtes belong
to diverse and similar genera and species in reteasgars. The protein assay showed that thenecasebstantial
differences in released proteins among strainss $ignificant and non significant discrepancieseleased sugars
and proteins respectively, is probably due to nii@oeous types of enzymes with different biocheimpeghs which
are activated on substrates and insignificant dities of genetic in similar fungi. AlthougR. citreonigrum
generated the highest amount of proteins, butditndit produce the highest released sugars. Thist evay result
from insufficient cellulolytic activity of enzymesf these particular fungt. reesei S542 showed highest amount of
released sugar. Cellulolytic enzymes mostly produtem fungi Trichoderma and Aspergillus [3]. In R. solani
(AG- 1) observed lowest level of released sugar (Table'is result suggested that the enzyme concentration
total protein was low. In relation to the time ceaifor reducing sugars for CMC and WS culture médihe first
stage a continuous increase in reducing sugarsotnation was observed. In the second stage signifidecrease
was seen. Of course in WS culture medium, withedéfiice that increase then decrease were repeaisessively.
A comparatively high protein production occurredeafW/S inoculation, probably because of the inifiahgal
growth [18]. Decrease in protein levels after alitjrowth could be explained on the basis of cdiabepression. A
decrease in the activity of certain catabolic ereyrin the presence of an easily metabolized subssacalled
catabolic repression. Commonly this effect is cdudg glucose (glucose repression). It has beenrtegho
previously that glucose addition greatly represseziyme activity [5- 39].

Effect of temperature and pH on cellulase activity

Influence of different incubation temperatures dme tproduction of cellulolytic enzymes was examined.
Temperature changes had an effect on the actif/ityeoenzyme. Optimum activity was observed afG5n both of
media. For a variety of industrial applicationsatilely high thermostability is an attractive anésilable
characteristic of an enzyme [12- 15]. Our resulésia close agreement with the findings that regb#0-50 °C as
an optimum temperate during the characterizatioBMCase produced frof@ryptococcus sp. S-2 [42] whereas 55
°C was found as a best temperature at which thgnes was most active and stable. Also was repdhedame
temperature 55 °C as optimum for CMCase activi§].[For fungi, the optimal temperatures for EG \dtytiare
usually between 50 and 60 °C and stable up to 58c553. reesei is usually used in industrial cellulase production
The optimum temperature of EG frofnglaucus was similar to that of. reesei (52 °C) [9- 36], which suggested its
potential industrial uses [43]'he enzymes showed optimum activity of pH 4.5 anth £MC and WS media
respectively. This shows that acidic conditionsofad activity of the cellulases [1] and enzymesdpoed byT.
reesei S542was acidic in nature. Meanwhile the cellulase ereymvere active in a large pH range 4-8 which were
little higher than those froivlucor circinelloides, 4-7 [19] andBacillus circulans, 4.5-7 [4]. Whereas any further
increase in pH from optimum enzyme activity showdedtreasing trends in its activity. This little \&ion in pH
optima may be due to the genetic variability amdiffgrent species [17].

TLC

Glucose spot was observed on TLC plate. This resuitd be showed cellulase enzymes biochemicalsptitt
carbon source was conversed. Two spetiagssei andT. viride are popular as it contains high activities of both
exoglucanase (FPase) and endoglucanase (CMCadepdetels ofs-glucosidase (cellobiase) [23].

Electrophoretic studies

The cellulase activity band identified in this strggrown on both of media) showed molecular weifft KDa
which is comparable to those purified from otherdal specied. viride, 38-58 KDa [29]. The result regarding the
molecular weight of the enzyme is close to CMCagb w4 KDa molecular weight [31]. Furthermore thésult
showed molecular weight comparable to those regofte endoglucanases from reesei and Phanerochaete
chrysosporium, ranging from approximately 25 to 50 KDa. Endogluases play a key role in increasing the yield of
fruit juices, beer filtration, and oil extractioimproving the nutritive quality of bakery producsad animal feed,
and enhancing the brightness, smoothness, andathvprality of cellulosic garments [30].

CONCLUSION

Investigation of soil borne fungi to find their cplity for cellulase activity is necessary for gme industry. A
large number of bacteria, fungi and Actinomyceteskaown to degrade cellulose, but most bactenmatutilize
crystalline cellulose, which can be done by mamgnfentous fungi. Because of it, fungi have madelaasible
creature for cellulase production. cellulase proidacby filamentous fungi differs along with thenkii of strain,
cultivation conditions like pH, temperature, enzymmencentration and its reaction time, cellulose liguand
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composition. So, in this study we tried to screetwieen isolates and select the best isolates #mpmduce the
most deal of enzyme in especial pH and temperatubmth of CMC and WS media. Finally we pres&nteesei
S542 as the best fungi candidate to CMC and WSadegjon application in the best pH and temperahatcan do
it.
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