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ABSTRACT

Production of enzymesis a growing field of biotechnology especialy re-
lated to industrially important enzymes. The present study was carried out
to investigate the production of cellulase enzyme from UV mutated As-
pergillus niger grown on rice bran under submerged fermentation. The
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fungal strain Aspergillus niger was subjected to UV irradiation and the
successive mutants showed enhanced cellulase production. Particularly,
the mutant fungal strain Aspergillus niger GNUV , was efficient and the
activities of carboxy methyl cellulase, filter paperase and B-glucosidase
wereimproved by 4.7, 4.4 and 3.8 — fold, respectively when compared to

the wild type strain.

INTRODUCTION

Lignocelulosebiomassisthemaost abundant organic
raw materid intheworld™. Lignocdlulosescondtitutea
major portion of agricultura wastesand forest wastes.
They are abundant sources of carbohydrates, continu-
ally replenished by photosynthetic reduction of carbon
dioxidewith sunlight energy?. Thusthey arethe most
promising feedstock for the production of energy, food
and chemica$¥. Thebioconversion of the agro-waste
materia intofuel hasreceived congderableinterest dur-
ing recent years. Enzymetic hydrolysisof cdlulosichbio-
massiscond dered asthemost efficient and least pol [ ut-
ingmethodsfor generating glucosefromlignocdlulosc,
but the production economics of bioethanol islargely
depended on cost of cdllulases™. Indiaisanagricultura
country and riceisthe one of themost important agri-
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cultural crop. Withtheprocessing of ricegrainsalarge
amount of ricebranisproduced which canbeused asa
subgtratefor cellulase production.

Astheproduction of cdlulaseenzymeisamgor fac-
torinthehydrolysisof cdlluloscmaterids, itisimportant
to makethe processeconomicaly viable. Members of
thefungd genusTrichodermaand Aspergillushavebeen
extensvey studied, particularly duetotheir ability tose-
crete cellul ose degrading enzymes. These strainspro-
duce extracellular cellulolytic enzymes, namely
endogl ucanases, exoglucanases, cellobiase, which act
synargigicaly intheconverson of cdluloseto glucoss®.
Thestrainshave been mutagenized and geneticaly modi-
fiedto obtain an organism capableof producing highlev-
esof cdlulases®. Inthe present study the production of
cellulolyticenzymesby UV mutated Aspergillusniger
onricebranin submerged fermentationisreported.
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MATERIALSAND METHODS

Source of Aspergillusniger

Aspergillusniger wasisolated from soil contami-
nated with cotton ginning mill effluentsby Narasmha,”
and this strain was cultivated on potato dextrose agar
at 28°C for 7days.

Screening of fungal culturefor cdlulaseproduction

Thecdlulolytic nature of Aspergillusniger isolated
from soil was confirmed first through thescreening test.
To this 1% of CM C was amended with Czapek -Dox
agar mediaand the pH was adjusted to pH 5.The me-
diawaspoured in sterilepetri dishes, after solidification
of mediaasmall hole was put on centre of Petri dish
aseptically and the culture sporeswere added to this
centre. The plateswereincubated for 3daysat 30°C
and 2days at 50° C. After incubation the plates were
stained with 1% Congo red solution for 15 minutes,
after that the Congo red stain was neutralized with 1M
Nacl solution. Theyelow color zoneformation con-
cerntheability of cdlul oseutilization and enzymeactiv-
ity of fungd culture,

UV irradiation

The sporesuspension of the Aspergillusniger was
prepared in phosphate buffer and 4 ml quantities of
the spore suspension were pipetted aseptically into
sterile Petri dishes of 80mm diameter having aflat
bottom. The UV light exposer was carried out in a
“Dispensing — Cabinet” fitted with TUP 40w Germi-
cidal lamp which has about 90% of itsradiation at
2540-2550 A°. The exposure times were 10,
15,30,45,60 and75min, and the di stance maintained
as 15 and 20 cm. Each UV exposed spore suspen-
sionwas stored in dark overnight to avoid photo re-
activation, thenwas seridly diluted in phosphate buffer
and plated on PDA medium. The plates wereincu-
bated for 7daysat 28°C and the numbersof colonies
in each plate were counted. Each colony wasassumed
to beformed from asingle spore. A total of 10 colo-
nies (designated as GNUV 1 to GNUV 10) were se-
lected from the plates showing lessthan 1% survival
rate (45, 60 and 75 min UV exposuretime) and tested
for cellulase production.

Preparation of fungal sporeinoculum for celulase
production

Theisolated fungal culturewasgrown on Czapek-
Dox agar santsthey wereincubated at room tempera-
turefor 7 days. After incubation 3ml of steriledistilled
water wasadded for each dant. Fungal spore concen-
tration was determined by haemocytometer. Inoculum
density was2 X 10° sporeswereused for cdllulase pro-
duction.

Subgrate

Inthe present study cheap andlocally availableli-
gnocellulosic substrate, Ricebran wasused for cellu-
lase production. It was sun dried for aperiod of three
weeksand subsequently ovendried dowly at 50°Cfor
2 days. The dried substrate was chopped into small
bits, pulverizedto coarse particle s zesand then washed
inseveral changesof hot water in order to removethe
residud sugars.®

Céellulaseproduction and assay

100 ml of Czapek-Dox medium at pH 5wasdis-
tributed into separate Erlenmeyer 250ml conical flask.
After gerilizationtheflask wasinoculated with fungal
spore suspension. Then the flaskswereincubated at
28°C£30°C on arotary shaker at 180 rpm for 7 days.
After incubation the contents of theflask were passed
through whatman No. 1 filter paper to separate myce-
lial mat and culturefiltrate. Thefiltrate obtained was
used for estimation of extracellular protein content and
total cellulase activity such as FPase, endogluconase
and B-glucosidase

Filter paper saccharifying activity (FPase)

Filter paper sachharifying activity intheculturefil -
trateswas determined by the method of Ghose. Itis
acombined assay for endo -1,4 glucanase and exo [3-
1,4glucanase. The standard reaction mixture containing
50mg of Whatman No.1 filter paper strips (1x6cm) as
asubstrate, suspended in amixture containing 1ml of
0.05M sodium citrate buffer (pH 4.8) and 0.5ml of
enzymesource. Theenzymecontrol wasa so prepared
simultaneoudy by adding distilled water instead of en-
zyme. Thismixturewasincubated for onehour at 50°C
inwater bath. Thereducing sugar content wasestimated
by Dinitrosalicylic acid method. After incubation, 3ml
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of DNSreagent was added to each test tube and boiled
for Sminutesinaboiling water bath. After boiling, trans-
ferred to acold water bath and 20 ml of distilled water
was added. Mixed compl etely inverting thetube sev-
eral times so that the sol ution separatesfrom the bot-
tom of thetubeat each inversion. Thecolor devel oped
in thetest tubeswasread at 540 nm in aspectropho-
tometer. Theenzyme activity was expressed infilter
paper units. Filter paper units were defined as the
amount of enzymereleasing p moles of reducing sugar
from filter paper per minute per ml.

Endoglucanase assay (CM Case)

Endoglucanase activity of fungd culturewasquan-
tified by Carboxy methyl cellulase method®. Accord-
ing to thismethod, oneml of 2% carboxy methyl cellu-
lose asasubstrate was added to the mixture containing
1ml of 0.05M sodium citrate buffer (pH 4.8) and 0.5m
of enzyme. Thismixturewasincubated at 50°Cina
water bath for 30minutes. Thereducing sugar produced
in the reaction was estimated by DNS method. After
incubation, 3ml of DNS reagent was added to each
test tube and boiled for 5 minutesin aboiling water
bath. After boiling, transfer to acold water bath and
added 20 ml of distilled water. Mixed completely in-
verting thetube several times so that the solution sepa-
ratesfrom thebottom of thetubeat each inversion. The
color devel opedin thetest tubeswasread at 540 nmin
a spectrophotometer. The enzyme activity was ex-
pressed intermsof CMC units. CMC unitswerede-
fined astheamount of enzymereleasing u moles of re-
ducing sugar from the substrate per minute per ml.

B-glucosidase assay

B-glucosidase activity in the culture filtrates was de-
termined by the method of Herr*¥, Accordingtothis
method 0.2 ml of 5mM p-nitrophenyl B-D-gluco pyra-
noside (PNPG) as a substrate was added to the mix-
ture containing 1.6 ml of 0.05M sodium citrate buffer
(pH 4.8) and 0.2ml of enzyme sol ution. After incuba
tion, for 30 min at 50°C the reaction was stopped by
theaddition of 4ml of 0.05M NaOH-glycinebuffer (pH-
10.6) and the yellow colored para-nitro phenyl was
measured at 420 nm in spectrophotometer. One unit of
B-glucosidase activity is defined as that releasing p mole
of PNPfrom PNPG per minuteper ml.
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RESULTSAND DISCUSSION

Thefungal strain Aspergillusniger was screened
for cellulaseenzyme production. Theformation of clear
yellow zoneof hydrolysisconcernsitsability for cellu-
lase production wasshownin Figure 1.

Figurel: Aspergillusniger shed clear yellow zoneof hy-
drolysiswhichindicatesCM C degradation.

Ricebran, achegp andlocdly availablelignocel lu-
losic wastewastested to find out whether it could sup-
port the production of cellulases by thewild Aspergil-
lusniger under submerged fermentation. The FPase,
CMCase and B-glucosidase activities of wild strain
grown on peaseed husk were 1.6 1U, 1.41U and 0.19
[U per ml per min respectively (Figure?2).

1.5
0

CMCase

Enzyme actwit\,r inlu

Fpase B-glucosidase

Cellulase enzyme complex
Figure2: Cdlulolyticactivity of wild strain A.niger grown
onricebran

*values represented in the figure are the mean of two sepa-

rately conducted experiments

» Filter paperase (FPase) is expressed in terms of
filter pareunits. Oneunit istheamount of enzymein
thefiltratethat releasing 1umole of reducing sugar
fromfilter paper/ml/min.

» Carboxymethyl cellulose (CM Case) isexpressed
intermsof units. Oneunit istheamount of enzyme
releasing lumoleof reducing sugar from carboxym-
ethyl cdlulose/ml/min
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» Oneunit of B-glucosidase activity is defined as the
amount of enzymeliberating 1umoleof p-nitro phe-
nol/mi/min
Further thewild strain Aspergillus niger wassub-

jectedto UV irradiation and ten mutant fungal strains

from GNUV toGNUV , , wereobtained and tested for
their tota cellulolyticactivity showninFigure3.
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Figure3: Total celulalytic activity of UV-mutantsgrown on
ricebran

*valuesr epresented in thefigurear ethemean of two sepa-
rately conducted experiments

> Filter paperase (FPase) is expressed in terms of
filter pareunits. Oneunit istheamount of enzymein
thefiltratethat releasing 1umole of reducing sugar
fromfilter paper/ml/min.

» Carboxymethyl cellulose (CM Case) isexpressed
intermsof units. Oneunitistheamount of enzyme
releasing 1umoleof reducing sugar from carboxym-
ethyl cdlulose/ml/min

» Oneunit of B-glucosidase activity is defined as the
amount of enzymeliberating 1umoleof p-nitro phe-
nol/mi/min
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Figure4 : Cellulase production by UV-mutant Aspergillus
niger GNUV, grownonricebran

*valuesrepresented in thefigurear ethemean of two sepa-
rately conducted experiments
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Amongthe 10 UV mutants GNUV , showed maxi-
mumtotal cdlulolyticactivity (7.05 [U/ml/min) and this
srainwasse ected for cdllulase productiononricebran
(Figured).

» Filter paperase (FPase) is expressed in terms of
filter pareunits. Oneunit istheamount of enzymein
thefiltratethat releasing 1umole of reducing sugar
fromfilter paper/ml/min.

» Carboxymethyl cellulose (CM Case) isexpressed
intermsof units. Oneunit istheamount of enzyme
releasing lumoleof reducing sugar from carboxym-
ethyl cdlulose/ml/min

» Oneunit of B-glucosidase activity is defined as the
amount of enzymeliberating 1umoleof p-nitro phe-
nol/ml/min
Damisa,™ reported that thehighest cdllulase activi-

tieson bagasse, corn cob and corn straw by Aspergillus

niger AH, were 0.067 1U, 0.049 |U and 0.504 U re-
spectively. Inthe present study Aspergillusniger GNUV,
showed 7.03 1U/ml/min onrice bran under submerged
fermentation. Dahot,*2 found that thegrowth of Aspergil-
lusfumigatus on wheat straw produced filterpaperase

0.237 1U/ml and carboxymethyl cdllulase 0.674 1U/ml.

In another study by Asish,/*3the FPase, CM Casevalues

found to be 0.089U/ml,1.023U/ml respectively when

groundnut shellstreated with 0.25N HCI. But, in the
present study thefilter paper activity (7.031U) and car-
boxymethyl cdllulaseactivity (6.04 IU) were obtained.

Anita Singh,* reported that the FPase and CM Case

activitiesonrice straw by Aspergillusniger were0.96

IU and 0.66 1U respectively. Themutant Trichoderma

when grown onwheat bran produced FPase-6.2 1U and

B-glucosidase 0.39 UM, |nthe present study Aspergil-

lus niger GNUV,, showed higher FPase-7.03IU,

CMCase-6.43IU and B-glucosidase 0.73 1U activities

thanthepreviousstudies.

CONCLUSON

The UV mutated Aspegillus niger showed higher
cdlulaseactivitiesinthepresent sudy. TheRicebranis
cheaply availablelignocellul os ¢ substrate which can
reducethe cost of enzyme production.
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