ISSN : 0974 -

Trave Science Inc.

7435 Volume 7 Issue 3

LioSechn o/oyy

A Indian Yournal

—===m> FyLL PAPER
BTAIJ, 7(3), 2013 [85-88]

| solation and char acterization of g-amylase from Penicillium nigricans

Uday M.Muddapur?, Rajani S.Bennur?, S.M.Veena®, Francois N.Niyonzima?*, Sunil SMore**

1Department of Biotechnology, K .L .E.’s College of Engineering and Technology, Udyambag, Belgaum-590008, (INDIA)

2Department of Biochemistry, Kar natak Univer sity, Dharwad-580003, (INDIA)
*Department of Biochemistry, Ramaiah college of Science, commer ceand Artsmattikere, Bangalore, (INDIA)
“Department of Biochemistry, Center for PG Sudies, Jain Univer sity, 18/3, 9" M ain Jayanagar 3

Block, Bangalore, (INDIA)
E-mail: sunilacr @yahoo.co.in

ABSTRACT

A p-amylase-producing fungus was isolated from forest soil by culture
plate method with starch as the sole source of carbon and identified as
Penicillium nigricans. The failure to develop a clear zone around the
fungal colony after staining with iodinein situ indicated the absence of o-
amylaseintheisolate. The g-amylolytic nature was further confirmed by
the presence of maltose as the major end product of starch breakdown
following thinlayer chromatography. Theisolate showed maximum enzyme
activity onthe 23 day of cultivation. The partly purified enzyme showed
highest activity at 60° and pH 5.0. About 70% of the enzyme activity was
retained within the range pH 3.5-7.0. The calcium ion had an enhancing
effect whereas Na*, Mn?*, Mg?, Cu?, Fe?* and Ag*ions moderately
inhibited the S-amylase activity. The S-mercaptoethanol had an inhibitory
effect on the enzyme. The enzyme was completely inhibited by
ethylenediaminetetraacetic acid (EDTA) suggesting the isolated enzyme
to be ametalloenzyme. The enzyme showed highest activity towards starch
followed by amylose and did not show any cross specificity towards
cellulose. Absence of substrate cross specificity and ability to hydrolyse
waste starches made the enzyme candidate for industrial applications.
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INTRODUCTION

Enzymes are among the most important products
obtained for human need through microbia sources. A
large number of industria processesinindustrid, envi-
ronmenta and food biotechnol ogies utilizeenzymesat
some stage or the other. The utilization of starch for
industria gpplicationshasincreased consderably inthe

last decades since new starch derived products, and
the genetic engineering of microbesthat producethem
areall of importanceto food, chemical and pharma-
ceutica indugtries. Thishasintensfied theneed to search
for novel microorganismsand enzymeswith commer-
cid potential .

S-Amylase (EC 3.2.1.2) isanimportant starch hy-
drolyzing enzymefor food plant sources. It reported
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from various bacteria, actinomycetesand fungi. The
commercia production of f~amylaseand itsability to
biodegrade waste starches coul d be effectively exploited
for matose production at anormal cost with simulta-
neous utilization of starchy wastes, which would other-
wise contributeto environmental pollution3.

Although animportant work hasbeen reported us-
ing variousfungd strains, thereisstill aneed of exten-
sveand continuousisolation for new S-amylase-pro-
ducing fungi with better propertiesand suitablefor com-
mercia exploitation. The present study dealswith the
isolation of a g-amylolytic fungus, the characterization
of thepartidly purified enzymeand s multaneouseva u-
ationof itsindustrid applicability.

MATERIALSAND METHODS

| solation and identification the f-amylaseproduc-
ingfungus

A fungd sranwasisolaed fromtheforest soil sample
by serid dilutionand by plating on Czapek agar plates
containing starch asasole carbon source. The Czapek
agar medium contained (g/L) starch (30.0), NaNO,
(3.0), K,HPO, (1.0), MgSO,.7H,0 (0.5), KCl (0.5),
FeSO,.7H,0 (0.01) and agar (15), pH 7.0. Theculture
was purified through subculturing on Czapek solid me-
dium. Thecolonieswerefindly transferredto potato dex-
troseagar (PDA) dantsand maintained at 4°C. The iso-
latewasidentified on thebasisof morphologica and mi-
croscopic featured”. Theisolatewasfurther identified
by authentic authority (Agarkar Research Inditute, Pune).

Growth and timecour sestudy for optimal B-amy-
laseproduction

Thefunguswasgrown on PDA dantsfor 120 h at
37 °C. A'loopful of P. nigricans culture was used to
inoculate 100 ml Czapek medium (without agar) in 250-
ml Erlenmeyer flasks. Theincubation was carried out
a 37°C for 25 days. The enzyme activity of the culture
broth was recorded every day at regular intervals.
Growth wasmeasured by weighing thedried mycelia
mat (at 60 °C for 80 min) on dried pre-weighed filter
paper (Whatman No.1).

Enzymeextraction and assay
The culture broth wasfiltered through preweighed
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filter paper and thefiltrate was used as crude 3-amy-
lase. For further characterization, the crude enzyme
was centrifuged using cooling centrifuge (REMI) at
10,000 x g for 10 min (at 4 °C). The clear superna-
tant was partiadly purified by 60% ammonium sulfate
precipitation followed by didysisagainst 0.016M ac-
etate buffer (pH 4.8). Theassay mixture (0.5 ml) con-
taining an equal volume of properly diluted enzyme
and 1% (w/v) starchin 0.016M acetate buffer (pH
4.8) wasincubated at 60 °C for 30 min®. Thereduc-
ing sugar produced was measured colorimetrically at
540 nm!®l, Controlswere prepared with heat-inacti-
vated enzyme using maltose as standard. One unit of
the enzyme activity was defined asthe amount of en-
zymethat catal ysestheliberation of reducing sugar
equivalent to 1 umole of maltose per min per ml under
the assay conditions.

Chromatography of enzymehydrolyzed products

Chromatography of 5-amylase hydrolyzed prod-
ucts was studied by thin-layer chromatography
(TLC)". Enzyme (0.5 ml) was incubated overnight
with 0.5 ml of 1% starch dissolvedin 0.2 M acetate
buffer (pH 5.0). Sample was spotted on the chro-
matographic plate. 1% glucose, starch, and maltose
standards were also applied. Carbohydrates were
detected by staining with aniline-diphenylamine phos-
phoric acid reagent.

Characterization of partially purified B-amylase

Theeffect of pH on enzyme activity was studied
over arange of pH 3.5to 7, using buffers of 0.2M
strength each: citric acid buffer (pH 2.0-3.5), acetate
buffer (pH 4.0-5.5) and phosphate buffer (pH 6.0-7.5).
Theeffect of temperature was determined by perform-
ing the standard assay procedure at optimum pH witha
temperaturerangeof 0 °C to 90 °C. The effect of vari-
ousadditiveswasinvestigated by treating enzymewith
S-mercaptoethanol, EDTA and variouscationsat 1mM
dissolvedin 0.016M acetate buffer (pH 5) at 60 °C for
30min. Thedffinity of theenzymetowardsvarioussub-
drates(starch, amylose, celulose, maize, rice, ricehusk,
wheat and wheat bran) wastested by treating each sub-
strate with properly diluted enzyme at 60 °C for 30
min. Thereducing sugar produced wasmeasured as
described earlier.
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RESULTSAND DISCUSSION

| solation and f-amylase production by Penicillium
nigricans

A positive f-amylase producing funguswasiso-
lated from aforest soil by culture platetechniquewith
starch as the sole source of carbon. Theisolate was
identified as Penicilliumnigricans based on morpho-
logica and mi croscopic characteristicsand further con-
firmed by Nationa Fungal Culturecollection of India,
Agarkar Research Indtitute (Pune). Theextracd lular f-
amylase production was assessed in Czapek media
using starch asthe substrate. Thefaluretodevelopa
clear zonearound thefungd colony after stainingwith
iodineinstuindicatesthe absence of a-amylase in the
strain®. The culture showed maximum activity on 23
day ascompared to maximum activity by Malbranchea
sulfurea strainon 9" day!®, Emericelanidulansstrain
on 6™ day!*¥ and by Syncephalastrum racemosum
on 4" day'.
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Figurel: Kinetics of growth with subsequent S-amylase
production in Penicilliumnigricans.

Chromatography of enzymehydrolyzed products

The S-amylolytic naturewas confirmed by thepres-
ence of maltose as the magjor end product of starch
breakdown following thin layer chromatography. This
result also ruled out the possibility of presence of other
amylolytic enzymeslikea-glucosdase, glycoamylase
and amyl oglucosi dase where glucose should be the
major end product™Y.

B-amylasechar acterization

Thepartidly purified f-amylase showed maximum
enzymeactivity at pH 5.0 (Figure 2) and 60 °C (Figure
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3). p-amylasefrom P. nigricansisthusathermostable
enzyme. About 70% of the enzyme activity could be
retained within therangeat pH 3.5-7.0. Thisoptimal
activity and stability intheacidic rangeand high tem-
perature makesthe enzyme suitablefor industria use.
Likewise, maximum -amylase activity at 60 °C at pH
5.0 with Syncephal astrumracemosu was recorded.
3.5 4 4.5 5

120 ~
5.5 6 7
pH

Figure2: Effect of pH on -amylaseactivity.
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Figure3: Effect of temperatureon f-amylaseactivity.

Theeffectsof metal ionsand other additivestested
(Figure 4) showed that among the metal ionstested,
caciumionhad an enhancing effect. Similarly, Ray and
Chakraverthy®® reported stimulation of 3-amylaseby
Ca* from Syncephal astrumracemosum. Ca?* might
thus berequired for stabilization and maintenance of
theenzymeconformation. The f-amylaseactivity was
moderately inhibited by Na“, Mn?*, Mg?*, Cu®, Fe**
and Ag'. The-mercaptoethanol had aninhibitory ef-
fect onthe enzyme, indicating that cysteine could be
playingamaor rolein enzymefolding pattern and its
importanceinthe active site. The enzyme was com-
pletdy inhibited by ameta chelatingagent (EDTA) sug-
gesting theisolated enzymeto beametalloenzyme. The
p-amylase isolated from a halophilic soil isolate
(Halobacillussp. LY 9) was also ametalloenzymée*2,

Influence of f-amylasetowardsvarioussubstrates
wasinvestigated (Figure5). Theenzyme showed high-
est activity towards starch followed by amylose. This
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behavior wasa so observed with amylasesof Aspergil-
lusterreus NA-170 mutant®®, Theisolated enzyme
did not show any cross specificity towards cellulose.
The partidly purified enzyme digested theindigenous
starches, of which wheat starches showed the best re-
aultsfollowed by ricestarch (Figure5). Thisdifferentid

rate of digestion could be attributed to the exi stence of
different arystdlinegranulesin garch, whichinturn might
depend upon the botanical sourceY. Theability of the
enzymeto biodegradeindigenousstarchesand the ab-

senceof other contaminating amylolytic activitiesmade
it candidatefor usein saccharificationindustriesto pro-

duceaspecificsugar. Thiswill befacilitated by itswide
pH tolerancerangeand higher temperature preferences.
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Figure5: B-amylase activity of Penicillium nigricansto-
wardsvarioussubstrates (1%, w/v).

CONCLUSION

Asan extensve search continuestofind apromis-
ing g-amylolyticfunga strain, theisolated high g-amy-
lase-producing Penicilliumnigricans can be success-

fully used for commercial overproduction of enzyme.

Inaddition, itsability to biodegradewaste starches can

be effectively exploited for matoseproduction at alow

cogt, with s multaneous utilization of starch wastes, and

thiswill reduceenvironmentd pollution.
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