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ABSTRACT

Fungal celulases are well-studied, and have various applications in industry, health or agriculture. The present
paper investigates the isolation of marine fungi (Aspergillus terreus and Mucor plumbeus) for the production of
cellulase using submerged fermentation technique. Ten different substrates such as rice bran, wheat bran, bamboo
leaves, banana leaves, peepal leaves, sugar cane leaves, lantana leaves, ragi straw, maize leaves and eucalyptus
leaves were collected from different parts of rural Bangalore (India) and were used as substrates for the cellulase
production; of which lantana |eaves gave best result. The fermentation experiments were carried out in Erlenmeyer
flasks using pretreated Lantana leaves. Lantana |eaves gave best enzyme activity of 213. 31U/ ml and 206 1U/ ml by
Aspergillusterreus and Mucor plumbeus respectively. Various parameters such as carbon source, nitrogen source,
pH and incubation temperatures were studied for the production of cellulases. Incorporation of lantana as carbon
source (660 1U/ ml), ammonium sulphate as nitrogen source, pH 3 (240. 07 1U/ ml) and incubation temperature at
37° C (100 1U/ ml) gave good enzyme yield with Aspergillus terreus and Mucor plumbeus respectively. The degree
of saccharification was also assayed on the basis of amount of reducing sugar released. The percentage of
saccharification with respect to lantana leaves in presence of Aspergillus terreus and Mucor plumbeus were found
to be 56% and 28% respectively.
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INTRODUCTION

In a time of rising energy prices, utilization dfuamdantly available biomass as an alternative resas one of the
thrust area of research. Utilization of renewablmnomical, abundantly available agro waste fomttoeluction of
useful products is an increasing trend in receats/eCellulose is the most abundantly availablenkiss on earth. It

is the main product of photosynthesis in terrelseevironments, and most abundant renewable bioscganoduced

in biosphere. Cellulose is commonly degraded byearmyme cellulase. Cellulases are widely used infolod,
textile, laundry, baking, brewing, pulp and papetustries from biomass and genetic engineering]1-Microbial
conversion of cellulose/ lignocellulosic biomassoimseful byproducts is a complex process involdoembined
action of 3 enzymes namely endogluconase, exogassoand3- glucosidase. Although cellulases are distributed
throughout the biosphere, they are manifested ingifubacteria and a few actinomyctes [6, 7]. These
microorganisms produce cellulases to release stigiarcell growth and product formation under certain
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environmental conditions. More than 14,000 specfdsingi have been found to be active in celluldsgradation
[8- 11]. Among all the fungi, marine fungi are most commandecomposing wood and plant detritus in coastal
water [12- 15].

Marine fungi are also common in calcareous anirhalls, algae and corals. Most of the marine furejobg to
ascomycetes and few belong to basidiomycetes. Mdtingi usually influence the biotechnological protion
because of their special adaptations to their enmient. The physical factors that usually influettte marine
fungi are salinity, pH, low water potential, higbncentration of sodium ions, low temperature, dhighic nutrient
conditions and high hydrostatic pressure.

Many agricultural by products from agricultural isittes and agro based processing litter the emvirent and
constitute waste problems. Agro wastes such asstiesv, wheat bran, corn stover, sugar cane bagpeseace,
corn cobs etc are used as substrate in solid fesateentation [16, 17]. The use of agro wastes ashtisis for the
cultivation media is a matter of great interestiag to decrease the costs of energy productionnageting the
increase in awareness on energy conservation angtlirg. Cellulase production by different organgsrim

submerged fermentation state has received momtiatieand is found to be cost prohibitive becausleigh cost of
process engineering [18- 20].

Twenty fungal isolates were isolated from maringenaMost of the isolates, obtained from marinersepwere
Aspergillus spp.,Mucor plumbeus which was very dominant in marine environment. phesent paper investigates
the isolation of marine fungi, effect of differesubstrates, pH and different incubation temperatumethe
production of cellulase by fungi.

MATERIALS AND METHODS

Isolation: Marine fungi were isolated from marine source (Romery and Mangalore) using standard
microbiological techniques. A sample of 10 gram wkxced in a graduated cylinder, sterilized distilwater was
added to make a total of 100 ml. Serial dilutionsveone till 10°. 1 ml of desired dilution (I¥and10%) was
transferred aseptically into a potato dextrose @8B¥A) prepared from marine water adding one drfop086 lactic
acid to suppress bacterial growth. Plates werebiatad at room temperature for 5 days. After indobatsmall
portion of mycelium from each fungal colony wassterred into PDA slants.

Identification: Identification of the tested fungal isolates wasme& depending on the morphological characters of
fungi and comparing them with those that are presethe identification references [2I[wenty fungal isolates
were isolated from marine water. Most of the isedatobtained from marine source, wéspergillus spp. which
was very dominant in marine environment. Amongthé fungi Aspergillus terreus and Mucor plumbeus were
selected as it showed high cellulase productioliquid state fermentation.

The potential fungal isolates were assayed enzgaibtifor cellulases. The assay methods employeé:we

(a) Cellulolytic enzyme AssayTest fungi were cultivated on basal medium supplgetewith 0.4 % glucose and
solidified with 1.6 % w/v agar. A single agar digat from the actively growing colony margin of auk was used
to inoculate each assay medium. Basal media witliceraration of 0.1- 0.2% w/v are sufficient to saggellulose
degrading fungi

(b) Filter paper degrading method: Filter paper used in this assay was be almost 168falose. Cellulolytic
basal medium (CBM) was prepared, 10 ml aliquots tressferred to glass culture bottles and was éated. One
25x 5mm strip of sterile filter paper was addedpbéisally to each bottle making sure that all filper stripes were
completely submerged. The test fungus was inoalilabtel uninoculated bottles were retained as corale was
taken that bottle caps were loosely fitted to allasequate gas exchange. The bottles were incubat28l C in
darkness and were examined daily for 10 days. Riegjan of filter paper was assessed based on iseteapacity
and physical degradation in comparison with unifetea controls [22].

(c)Cellulase agar clearance (cellulose agar) methodihis assay uses ball- milled acid swollen or micystalline
cellulose. Generally microcrystalline cellulosedisgraded more slowly than ball-milled or acid sewlkellulose.
CBM medium was prepared by incorporating 4% whMutese, 1.6% w/v agar and was autoclaved. It was
transferred aseptically to petri dishes (agar weed until viscous and was mixed gently beforerpmuto ensure
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uniform distribution of cellulose in the agar mediu The test fungus was inoculated. The culture weasbated at
25° C in darkness and was examined daily for 10 dag#iullysis was assessed based on clearance zditles o
opaque agar around growing colonies.

(d)Dye staining of Carboxy methyl cellulase (CMC): CMC is a substrate for endogluconase and so earséd
as a test fop glucanase activity. This assay is a good indicata@heck the Cellulolytic ability of fungi.

CBM was prepared, supplemented with 2% w/v of laacesity CMC and 1. 6 % w/v agar, autoclaved and
transferred to petri dishes aseptically. Test fisngias inoculated and incubated af £5in darkness. When the
colony diameter is approximately 30 mm, agar platese stained using Congo red and left for 15 nitates were
decanted and agar surface was washed with distiltedr. The plates were flooded with 1M Nacl for s to
destain.

Inoculum Preparation: The spore suspension was used as inoculum in gsemtrstudies. It was prepared from a
7 days old slant by adding 10 ml of sterilized mariwater to it. The spores were scratched withhigle of a
sterilized wire loop to make a homogeneous suspensi spores. Spore count was measured with the dfel
Haemocytometer.

Substrates: Ten different substrates such as rice bran, wheat, bbamboo leaves, banana leaves, peepal leaves,
sugar cane leaves, lantana leaves, ragi strawenteares and eucalyptus leaves were collected diferent parts

of rural Bangalore (India) and were used as sutestfar the cellulase production. Among all thexabmentioned
substrates, utilization of lantana leaves gave gesdlts hence lantana leaves alone was useddqrrdduction of
cellulase by both the fungi i.A terreus and M. plumbeus.

Pre treatment of substrates:The collected raw materials were air dried for 3dys depending on the moisture
content. Moisture content of the substrates waoveh It was powdered. The same substrates werkfas¢he
media preparation.

Fermentation Technique: 2.5 g of cellulosic substrate was taken in a 25Erenmeyer flask as a fermentation
media for the production of cellulase. The majongtituents of media were ammonium nitrate (0.8%) B ml of
distilled water. The initial pH value of the mediuwmas adjusted to 5 before sterilization at 12186 5.0 Ibs/inch
pressure for 15 min. The autoclaved medium wasuiladed with 1 mL of freshly prepared spore suspensif
fungi and incubated at room temperature for 7 dAfter 7 days, the fermented broth was centrifuge@l0000 rpm
for 10 min., and the supernatant was assayed fymes activity [23].

Different experimental set up were maintained tedakhthe effect of carbon source, nitrogen sounceybation
temperatures and effect of pH on the fungi forgheduction of cellulase [24].

Effect of Carbon and Nitrogen sourceson enzyme production: Experiments were carried out to investigate the
effect of different carbon and nitrogen sourcestlom production of cellulase enzyme. The enzymeviggtivas
determined by DNS method [25] and the protein vaisnated by Bradford's method [26].

Effect of pH and Incubation temperature on enzyme duction: An experiment was conducted to determine the
most suitable pH of the fermentation medium by siiljig the pH of the culture medium at differentdisvin the
range of pH 3 to 9 using different buffers.

In order to determine the effective temperaturectiiulase production b#. terreus andM. plumbeus; fermentation
was carried out at®® intervals in the range of 15 to%55

Enzyme Activity: Cellulase activity was measured by the DNS (3,rBtdisalicylic acid) method [25], through the
determination of the amount of reducing sugarsréiteel. Glucose was used as a standard; 0.5 mltafoexvas
reacted with phosphate buffer (pH 5). Reaction stapped by the addition of DNS solution. The reactinixture
was boiled for 10 min, cooled in water for colotatslization, and the optical density was measate840 nm. The
cellulase activity was determined by using a catibn curve for glucose. One unit of enzyme agtiweas defined
as the amount of enzyme that releases 1 mol obgluper minute per ml.
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Protein estimation: Protein concentration was determined accordinthéeomethod described by Bradford, M.M
[26]. 5mI of Bradford reagent was added to 0.5 mthe extract and the extinction was measured &fterin at
600nm. Different concentrations of bovine serunuailm (BSA) were used as a protein standard: 104@060, 80,
and 100 ug/ ml distilled water.

Saccharification conditions To determine the optimum saccharification cowdisi the reaction mixture was

incubated at 37 C temperature for 7 days and it was centrifuged0f00 rpm for 10 mins. After this reducing
sugar was analyzed by DNS method and was calculsiad the formula given below.

Saccharification (%) = Glucose (mg/ ml) x 100

Substrate (mg/ ml)
RESULTS AND DISCUSSION

L NJ L L

Fig. 1a Morphology and characteristics ofA. terreus colony & 1b Microscopic view

The selected organismds terreus and M. plumbeus were isolated from marine water by enrichment techeigqu
basal cellulose medium. The cellulolytic ethanoligdsolates were identified asspergillus terreus and Mucor
plumbeus by morphology.

Colonies ofA. terreus on potato dextrose agar at 25°C are beige to buffrtnamon. Reverse is yellow and yellow
soluble pigments are frequently present. Moderateapid growth rate. Colonies become finely granwiéh
conidial production as depicted in Fig. 1a. Micmsic observation of. terreus is as depicted in fig. 1b. Hyphae
are septate and hyaline. Conidial heads are bisesizd columnar. Conidiophores are smooth-walledl lyaline
terminating in mostly globose vesicles. Conidiasrall, globose, and smooth.

Colonies ofM. plumbeus grow rapidly at 25-30°C and quickly cover the sod of the agar. Its fluffy appearance
with a height of several cm resembles cotton caRdym the front, the colour is white initially abécomes grayish
brown in time. From the reverse, it is white asidigl in Fig. 2a.

Microscopic features dfl. plumbeus are shown in Fig. 2b and are nonseptate or spasegitate, broad hyphae,
sporangiophores, sporangia, and spores are viedaliatercalary or terminal arthrospores (oidizgaked through or
at the end of the hyphae. Apophysis, rhizoid antbetare absent. Sporangiophores are short, ¢apety towards
their apices and may form short sympodial brancBetumella are hyaline or dematiaceous and ardyhaislble if
the sporangium has not been ruptured. Smaller sg@anay lack columella. Sporangia are round, 503t in
diameter, gray to black in color, and are filledhwéporangiospores.
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Fig. 2a Morphology and characteristics oM. plumbeus colony & 2b Microscopic view

Substrate optimization with lantana leavesA. terreus andM. plumbeus were found to degrade various cellulosic
agro waste in liquid state fermentation conditidrth® ten substrate used. Lantana leaves showgdpvemising
result in liquid state fermentation. Lantana leagase best enzyme activity 213. 3 1U/ ml and 206 i) by A.
terreus andM. plumbeus respectively.

These fungal species showed best results in ligtste fermentation of various agro wastes studhéd,might be
due to the fact that thAspergillus terreus and Mucor plumbeus sp prefer to grow and synthesize enzymes in
submerged condition because the growth is redfriotdy on the surface [27]. Adsorption of enzymesl ghe
formation of enzyme substrate complexes are coreside be critical steps in the enzymatic hydraysfi cellulose.
Fibers of cellulose contain both amorphous andtalyse regions and are considered to be morecditfito be
degraded than the amorphous regions [28]. The kigireductivity of cellulases on lantana leaves msdahat these
enzymes were absorbed efficiently on lantana lealss means that lantana leaves contains the twasfo
amorphous and crystalline cellulose [21].

Substrate optimization with fantana

350 350
— 300 T T 300 .
g ‘5 B | an.with3.5 AS (Mucor)
= 250 + + 250 @
=) é == an_with 35 A N{Mucor)
S 200 + + 200=
§ E 3 L an.with3.5 U (lMucor)

150 + + 150 E
§ 100 100 2 — — Lan.with3 .5 A S{Aspergillus)
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5 50 1 — [— 1 5p E‘ Lan.with3.5 A N{Aspergillus)
=] o N -
E 0 E —#— Lan.with3 .5 UiAspergillus)
- Tth 14th Tth 14th &
E DAY (Sugar DAY (Sugar DAY (Protein DAY (Proiein |.|:J
= CONG. conc. canc. canc.
N
[
w substrate concentration

Fig. 3 Substrate optimization with lantana leaves.

Among the three concentrations of substrate opéthiz.5 gms found to be the best for Lantana leasedepicted
in Fig. 3. Higher concentration of Lantana leavesld restore the amount of enzyme production irféheentation
media. Reduced enzyme production in other agroenssibstrates could be probably due to the advéiset ef

concentrations of nutrient suppliments presentisé substrates in enzyme production [29]. Hydi®lyates of
substrates decline with time due to depletion & mhore amorphous substrates, product inhibition emd/me
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inactivation [30]. Narasimhet al. also gave similar time course reports of maximuocagsée yield on 5th day of
fermentation using\. niger [31].

Effect of Carbon and Nitrogen source on enzyme pragttion:

Effect of Carbon Source on Cellulase production

250 350 [ Banana
== Bamboo
[——Wheat Bran
[ Rice Bran
[ Peepal
[ Ragi Straw
N Lantana
= Sugarcane Leaves
[—1Maize Leaves
Banana
—— Bamboo
—*— Wheat Bran

—e— Rice Bran

Enzyme yield with Mucor(lU)/ml

—+— Peepal

Enzyme yield with Aspergillus(U)/ml

Ragi Straw

Lantana

—&— Sugarcane leaves

7th day 14th day 21st day 28th day 35th day

—#— Maize Leaves

Fig. 4 Effect of Carbon source on cellulase produiin.

[o}]

Enzyme activity (IlU/ml)

Effect of variable N conc. on A. terreus Effect of variable N conc. on M. plumbeus b

800 400
700 - T 350 -
600 | S 300
500 - = 250 #
200 B Sugar conc. 7th day g 200 - B Sugar conc. 7th day
300 | B Sugar conc. 14th day : 150 | B Sugar conc. 14th day
200 Protein conc. 7th day § 100 Protein conc. 7th day
100 7 ® protein conc. 14th day & 50 ® protein conc. 14th day

0 - 0 -

“ &N ™ 4 &N o i Y ) - ~ o
Nitrogen Source Concentration Nitrogen source concentration

Fig. 5a & 5b Effect of Nitrogen source on cellulasproduction.

Cellulase synthesis b. terreus andMucor plumbeus sp was highest when cellulosic wastes were used a®wcar
sources compared to the use of sugars. High ceflytsoduction was obtained using Lantana leavesadson
source (660 1U/ml). Rice bran, maize leaves, ragivs and sugarcane leaves has given the leastaslwvalues
when used as carbon source (Fig. 4). Soluble enaydueers are reported to be generally weakerair thductive
power when compared to insoluble substrates [3Phe substrate not only serves as a carbon sourcalém
produces the necessary inducing compounds forrtfensm [33]. Reduction in the cost of cellulaseduction can
be achieved by the use of cheap and easily avaitaliistrates.
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In fungi, the production of cellulolytic enzymesssbject to transcriptional regulation by availabébon sources.
The cellulase genes are repressed in the presérgiacose. Earlier it has been reported that endmgiase was
induced by CMC but repressed by glucose [34]. lis 8tudy, we recorded the similar results with végs
cellulases activities in the presence of glucoseleACMC proved to be a strong inducer of cellulase

Fig. 5a & b depicts that the supplementation ofaig and inorganic nitrogen sources stimulateccgielase yield
and activity. Results indicate that the sourcesitogen greatly affected the production of cekdaenzyme.
Ammonium sulphate (AS) was the best nitrogen sofiwmceM. plumbeus and A. terreus for lantana leaves. Our
results are in accordance with the work of Emtidl. who reported that good cellulase production camlxtained
with the organic nitrogen sources such as yeasa@xand peptone [35]. But enzyme production wasarkably
decreased in presence of urea (U) and ammoniuateitAN), a report contrary to that of Bgpergillus niger [36].
Many papers have reported that ammonium compourelsha most favorable nitrogen sources for proteid
cellulase synthesis.

Effect of pH and Incubation temperature on enzyme duction:

Effect of pH on cellulase production
g e
=120 1 a0 S [mmm7thday(Aspergilus
E& — tro 2 PP
33100 T lgo £ |=3%4thday (Aspergillus
=2 801 legg 2 spp.)
_gg 60 | la E ] ——Tth day(Mucor spp.)
1 Y]
22 404 0 37
E» T20 g
G 20 +t10 2
0 1 3 5 T 9 D E
=
g
Variation with different pH w

Fig. 5 Effect of pH on cellulase production on Lardna.

Effect of Temperature

cold room room temp hot air oven incubator

g
2 120 120
g § = 7th day(Aspergillis spp )
= 100 + T 100 o
% § =1 14th day (Aspergillus
2 801 180 £ sep-)
< £ |——7thday(Mucorspp )
£ 601 1e0 ®
E =é === 14th day(Mucorspp.)
E 407 F40 35
2 >
> 207 -20 3§
& o
@ £
£ >
N
a [=
(= w
1T}

Temperature Variation with Lantana

Fig. 6 Effect of incubation temperature on cellulas production on Lantana.
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Lantana leaves gave maximum cellulase activity4df. D7 U/ ml at pH 3. Further increase or decreaspH from
this level retarded the enzyme activity. AccordiogAhmed et. al, the optimum pH for the fungal gtiow for
maximal exoglucanase (EXG), endoglucanase (EG)Bmid glucosidase production was found to be 5383
[34]. An optimum pH for fungal cellulases variesrr species to species; though in most cases ttmawnpt pH
ranges from 3.0 to 6.0 [37, 38].

Cellulase production declined upon further increasepH. Cellulase synthesis at pH 3.0 and 9.0exbkeith the
observation of Raghukumar et al that low or highyalues inactivates the enzyme and may affeqtrisgluction
[39]. The optimum pH for the growth of fungi hasebereported to vary from one organism to another.

Incubation temperature plays an important and Sagmit role in the metabolic activities of microargsms. It was
observed that enzyme activity was high in the faiat were kept in incubator compared to that kepbld room,
room temperature and hot air oven.

Saccharification of Substrates:

A. tereus and M. plumbeus synthesized cellulases and were used for safabtidon of agrowaste. The cellulytic
enzyme complex when incubated with agro waste selbaugars the degree of saccharification was esgsaythe
basis of release of reducing group the amourgdiicing sugar increased with time of incubatiothapresence of
enzyme the maximum amount of percent saccharifagtias found to be 56%A(terreus) and 28% . plumbeus)
for lantana leaves as tabulated in Table 1 anBn2ymatic conversion of cellulose to food, fuel afemical
feedstock is a well-established process. Howevgh tost of cellulases production has hinderedafigkis enzyme
in industry. The enzymatic conversion of the casfuvate part of lignocellulosic material has recdieensiderable
interest during recent years. This source of raswerna is available in abundance and generally &feeost.

Table 1: Saccharification percentage of ten agro waes byA. terreus

Substrates | 7" day | 14" day | 21thday | 28" day | 35"day | 42thday | 49" day
PERCENTAGE SACCHARIFICATION

Banana 66 46 40 52 40 42 54
Bamboo 28 20 10 14 8 16 18
Wheat Bran 26 18 6 8 6 14 22
Rice Bran 18.6 26 18 24 22 24 26
Eucalyptus 22.2 44 36 44 30 88 64
Ragi straw 4 2C 2C 1C 18 10 10
Lantana 36 42 66 42 64 50 56
Sugarcane 12 22 28 22 16 20 22
Maize 12 40 24 22 24 34 30
peepa 3C 44 42 36 54 36 40

Table 2: Saccharification percentage of ten agro wses by M. plumbeus

Substrates | 7"day | 14" day | 21thday | 28" day | 35" day | 42th day | 49" day
PERCENTAGE SACCHARIFICATION

Banana 46 28 28 42 46 38 36
Bamboo 20 20 14 16 10 16 14
Wheat Bran 18 12 8 10 10 16 20
Rice Bran 36 16 46 44 14 22 18
Eucalyptus 22.2 38 38 46 38 86 64
Ragi straw 4 20 18 10 14 12 12
Lanatna 42 52 62 48 26 22 28
Sugarcane 14 28 24 20 72 62 66
Maize 8 38 32 28 44 28 30
Peepal 28 48 40 46 60 72 76
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CONCLUSION

Production of cellulases on agro wastes under stgedelermentation was studied Byterreus andM. plumbeus.

A. terreus andM. plumbeus have the potential of converting cellulose inregie step fermentation process. Among
the ten different substrates used lantana leaves gast enzyme activity of 213. 31U/ ml and 206 Hl/ by A.
terreus and M. plumbeus respectively Lantana leaves is a cheap residue which can be ase substrate for
enzyme production which reduces the cost of enzygroduction and enzymatic conversion of carbohydpate of
lantana leaves into fermentable sugar. In conaysitempt was made to find the optimum fermentationditions
for successful cultivation of\. terreus and M. plumbeus and also towards an enhanced production of thiodtm
demanded industrially important cellulase. Howettee, suitability of the enzymes for biotechnologi@pplications
can be investigated through kinetic characteripatid the purified enzymes as thermo-stability idesired
characteristic of an enzyme for its possible usedustry.
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