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ABSTRACT
Isolation, screening and characterization of Cellulase Producing Microorganisms and its
application were studied results were tabulated according to the assay of culluase producing
and activity against microorganism. Results indicated that Among the organisms studied
Klebsiella planticola and Aspergillus niger produced considerably high amount of cellulase
when compared to the other two organisms. Cellulase production with Aspergillus niger was
highest at temperature 45°C, pH 5.0, incubation time (7 days) and in the presence of substrates

(rice straw).
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INTRODUCTION:

Indian traditional herbal medicines integration with modern technologies was elaborated
in detail by Patharajan et al., in 2010. In this study the Cellulose is an organic and most
abundant compound with the formula (CsH100s). Cellulose is totally insoluble in water
(Lederberg, 1992). Cellulases are group of hydrolytic enzymes capable of hydrolyzing the most
abundant organic polymer i.e., cellulose to smaller sugar components including glucose subunits.

Cellulolytic enzymes are synthesized by a number of microorganisms. Several antimicrobial

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

International Research Journal of Natural and Applied Sciences (IRJNAS) ISSN: (2349-4077)

207 |Page



http://www.aarf.asia/
mailto:editor@aarf.asia
mailto:editoraarf@gmail.com

work has been done as antifungal activity of Plumbago species against anthracnose fungus
Colletotrichum gloeosporidodes (Penz) of chilli. was reported by Saravanakumar et al., in 2011.

Among which fungi and bacteria are the main natural agents of cellulose degradation
(Lederberg, 1992). Even the task disease like cancer was also to be proved enough in the work
as Effect of 1,3d Glucan of Ganoderma lucidum on fibro sarcoma induced mice was reported by
Saravanakumar et al., in 2010.

Additional potential applications include the production of wine, beer and fruit juice.
Nevertheless, all these uses are of rather small magnitude compared with cellulase requirements
for bioconversion of lignocellulosic biomass to fuel ethanol (philipidis, 1994). Considering the
importance and application of cellulases, this study was aimed to screen the potential
microorganisms for the cellulolytic ability, to analyze their activity against plant pathogens and
their effect on plant growth. Cellulose is the primary product of photosynthesis in terrestrial
environments and the most abundant renewable bioresource produced in the biosphere Jarvis.M
(2003).

Cellulolytic enzymes are synthesized by a number of microorganisms. Fungi and
Bacteria are the main natural agents of cellulose degradation. The cellulase complex of
Aspergillus niger has been most thoroughly studied. It can convert native cellulose as well as
derived celluloses to glucose. Lederberg (1992). Koomnok et al., (2005) stated that, although a
large number of microorganisms can degrade cellulose, only a few of them produce significant
quantities of free enzymes capable of completely hydrolyzing crystalline cellulose.

Cellulase yields appear to depend upon a complex relationship involving a variety of
factors like inoculums size, pH value, temperature, presence of inducers, medium additives,
aeration, growth time, and so forth Immanuel et al., (2006). Aspergillus niger can convert native
cellulose as well as derived cellulose to glucose. King et al., (1996). Potential of yeast

antagonists on in vitro biodegradation of ochratoxin was reported by Patharajan et al., in 2011.

Enormous amount of agricultural, industrial and municipal cellulosic wastes have been
accumulating or used inefficiently due to the high cost of their utilization processes Lee et al.,
(2008). Glucose produced from cellulosic substrate could be further used as substrate for
subsequent fermentation or other processes which could yield valuable end products such as

ethanol, butanol, methane, amino acid, single cell protein etc.., Walsh (2002) The lignocellulosic
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complex is the most abundant carbohydrate on the earth and is the main component of the
agriculture waste. Lignocelluloses wastes (LCW) may be grouped into different categories such
as wood residues including sawdust and paper mill discards), grasses, waste paper, agricultural
residues (including straw, stover, peelings, cobs, stalks, nutshells, non food seeds, bagasse,
domestic wastes (lignocellulose garbage and sewage), food industry residues, and municipal
solid wastes (Roig et al., 2006).

MATERIALS AND METHODS

1) ISOLATION OF MICROORGANISMS FROM SOIL: Soil sample was collected from
place where baggases are thrown. One gram of soil sample was aseptically transferred to 99ml of
sterile water taken in a conical flask and mixed thoroughly. From this soil mixture, 1ml was
transferred aseptically with the help of sterile pipette to a test tube containing 9ml of sterile water
to make the dilution 10-2. Similarly, the serial dilutions were made up to 10-5. From the
respective dilution, 1ml of inoculum was aseptically transferred to sterile petriplates. In the case
of bacterial isolation, sterilized and cooled nutrient agar medium was poured aseptically into the
plates. Similarly the potato dextrose agar medium was poured on plates containing inoculums of
respective dilutions for fungal isolation. The plates were incubated at room temperature. Nutrient
agar plates were examined after one day for bacterial colonies and potato dextrose agar plates
were examined after 4 days for the development of fungal colonies.

2) SCREENING - CLEARING ZONE ASSAY: To find out the cellulase producing bacteria
and fungi, the isolated colonies were inoculated in CMC agar media. To visualize the hydrolysis
zone, the plates were flooded with an aqueous solution of 0.1% Congo red for 15 minutes and
washed with 1M NaCl. (Apun et al., 2000).

3) ENZYME PRODUCTION: The enzyme production medium was prepared and 50 ml of
medium were taken in 100ml conical flasks and the flasks were sterilized. After cooling, the
flasks were inoculated with the isolated fungal and bacterial cultures respectively. The inoculated
medium was incubated at 37°C in shaker incubator for 24h in case of bacteria and for seven days
in case of fungal cultures. At the end of the fermentation period, the culture medium was
centrifuged at 5000rpm for 15minutes to obtain the crude extract, which served as enzyme

source.
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4) ENZYME ASSAY:
a) SPECTROPHOTOMETRIC METHOD: (Miller, 1959) A reaction mixture composed
of 0.2ml of crude enzyme solution plus 1.8MI of 0.5% carboxymethyl cellulose (CMC) in
50mM sodium phosphate buffer (pH 7) was incubated at 37°C in a shaking water bath for
30minutes. The reaction was terminated by adding 3mL of DNS reagent. The colour was
then developed by boiling the mixture for Sminutes. OD of the samples was measured at 575
nm against blank containing all the reagents excluding the crude enzyme.
b) COTTON ASSAY: Cotton degrading activity was determined by the method of Mandels
et al., (1976). In a test tube 100mg of cotton was transferred and 0.1ml of 1% sodium citrate
buffer was added. 2ml of enzyme was added and mixed by squeezing out air bubbles with
spatula. Tubes were incubated at 37°C in water bath for 24 hours followed by addition of 3ml
DNS reagent. Tubes were then placed in boiling water bath for 5 minutes, cooled in ice bath
and 14.4ml of water was added to the tubes and absorbance at 550nm was noted.
5) ACTIVITY AGAINST PATHOGENS (DUAL CULTURE METHOD): Blocks of well
grown cultures of Fusarium oxysporum and Rhizoctonia solani were placed separately at one
end of the petriplates containing sabouraud dextrose agar medium. Discs of isolated cellulase
producing fungal cultures were placed aseptically using a cork borer on the other end of the
plates. In case of bacterial cultures, four way streaking was done on the SDA medium and in the
center of the plate the pathogens were placed. The plates were incubated for 3-5 days. Replicates
were maintained for each treatment. Medium inoculated with pathogens alone served as control.
6) GROWTH PROMOTING ACTIVITY: soil moisture. Ten days after germination, the
plants were uprooted carefully, shoots and root lengths were measured.
d) Estimation of photosynthetic pigments: To find out the amount of photosynthetic pigments
in treated plants, the following experiments were carried out as described by Arnon (1949). One
gram of fresh leaf materials from the treated plants were ground with 80% acetone in a morter
and pestle. The extract was filtered through a filter paper and centrifuged at 5000rpm for 5
minutes to get a clean supernatant. The pellet was repeatedly extracted with 80% acetone, until it
becomes colourless. The supernatant were cooled and made upto a final volume. The absorbance
of the extract was measured at 620 and 660nm against acetone as blank. The chlorophyll content
of the sample was calculated using the formula,
Chla (mg/g) = ((12.7(A620nm)-2.69(A660nm)) / (1000x W) xV
Chl b (mg/g) = ((22.9(A620nm)-4.68(A660nm)) / (1000 xW) xV
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Total Chl (mg/g) = ((20.2(A620nm) + 8.02(A660nm)) / (1000 xW) xV

Where

V = total volume of the chl content.

W = weight of the leaves.

e) Estimation of protein:

About 1 gram of fresh leaf material was taken in a mortar and pestle. To this, 15ml of distilled
water was added and ground well. The extract was centrifuged at 3000rpm for 10 minutes. The
lower layer was discarded. To the supernatant equal volume of cold 5% TCA was added. It was
left for 30 minutes in an ice bath. The pellet was dissolved in 15ml of 0.2N NaOH. From this,
1ml was taken and mixed with 4ml of alkaline copper reagent. It was shaken well and was
allowed to stand for 10 minutes at room temperature. Then 0.1ml of diluted Folin’s phenol
reagent was added and mixed well. After 20 minutes, the OD was measured at 650nm using
calorimeter. The amount of protein present in the plant materials were measured using a standard
value.

7) IDENTIFICATION OF BACTERIA:

The isolated bacteria were identified by following tests.

Gram Staining, Indole test, Methyl Red Test, and Proteolytic Activity

8) IDENTIFICATION OF FUNGI: The isolated fungi which showed positive for cellulose
production were identified by lacto phenol cotton blue staining. Clean glass slides were taken, on
each slide, the fungal colonies were placed, then few drops of lacto phenol cotton blue stain was
added and then cover slips were placed over it. The slides were observed under microscope.
RESULTS

1) ISOLATION OF MICROORRGANISMS:

Six different bacterial colonies and five different fungal colonies were isolated from soil.
The selected colonies were further analyzed for the production of cellulase enzyme.
2) SCREENING - CLEARING ZONE ASSAY:

The isolated bacterial colonies and fungal colonies were incubated in CMC agar plates.
Two bacterial colonies B5 and B6 and two fungal colonies F4 and F5 (Plate:1) which produced
clear zone after treatment with congo red and NaCl solution were selected for further tests (Dual
culture assay, spectrophotometric assay, cotton assay, seed germination and plant growth).
3) ENZYME PRODUCTION:
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The enzyme production medium was prepared and the isolated cultures were inoculated.
After incubation, the medium appeared turbid which indicated the growth of cultures i.e B5, B6,
F4 and F5. Culture filtrates were centrifuged and crude enzyme source of the cultures were
obtained.

4) ENZYME ASSAY:

SPECTROPHOTOMETRIC METHOD: The cellulolytic activity of the isolated
organisms was analyzed by spectrophotometric method. Cellulose was used as substrate and
assay was carried out. The optical density obtained was compared with the standard graph value
and amount of cellulose degraded was determined. (Table: 1)

COTTON ASSAY: The substrate was changed and the cellulolytic activity of the
enzyme of the isolated cultures was determined. Instead of cellulose, cotton was used as
substrate and the amount of cellulose degraded was found by observing the optical density and
comparing with glucose standard graph. (Table: 2)

5) ACTIVITY AGAINST PATHOGENS:

Each of the isolated culture was inoculated in agar plates against the pathogens
Fusarium oxysporum and Rhizoctonia solani and the level of inhibition was noted. (Plate: 3,4)
6) GROWTH PROMOTING ACTIVITY:

a) Enriched enzyme production medium was prepared and taken in separate flasks. The
isolated cultures were inoculated in the flasks and kept for incubation. After incubation the
culture filtrates were centrifuged. Supernatant of the cultures served as enzyme source for seed
germination and pot culture experiment.

b) Seed germination test: Uniform shaped pearl millet (Pennisetum glaucum) and
fenugreek (Trigonella foenum-graecum) seeds were treated with the enzyme and results were
observed after germination. Culture filtrates of B6 and F5 enabled the fast germination when
compared to B5 and F4. (Plate: 5, 6)

c) Pot culture experiment: Pearl millet (Pennisetum glaucum) and fenugreek
(Trigonella foenum-graecum) seeds and pots (plastic cups) were sterilized. The pots were filled
with soil and enzyme treated seeds were sowed on the pots. After 10 days the grown plants were
uprooted and parameters like root length, shoot length, amount of chlorophyll and protein
content were measured. (Plate: 7, 8) (Table: 3 ,4, 5, 6)
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7) IDENTIFICATION OF BACTERIA:

By performing biochemical tests gram staining and by studying colony morphology B5
was identified as Flavobacterium odoratum and B6 was identified as Klebsiella planticola.
(Table: 7)

8) IDENFICATION OF FUNGI:
By staining the fungal culture F5 was identified as Aspergillus niger and F4 was

identified as Aspergillus sp(1).

PLATE: 1
B5 B6
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TABLE: 1

ENZYME ASSAY
SPECTROPHOTOMETRIC METHOD
AMOUNT OF CELLULOSE
S.NO CULTURE (ug/ml)

1 B5 256.8
2 B6 385.2
3 F4 192.6
4 F5 321.0
TABLE: 2

ENZYME ASSAY

COTTON ASSAY

AMOUNT OF

S.NO CULTURE CELLULOSE (pg/ml)
1 B5 471.0
2 B6 600.0
3 F4 406.8
4 F5 535.2
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PLATE: 2

PURE CULTURE OF THE PATHOGENS AGAINST WHICH THE DUAL CULTRE
WAS DONE

Fusarium oxysporum

Rhizoctona solani
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PLATE: 3

ACTIVITY OF THE ISOLATED ORGANISM AGAIST Fusarium oxysporum

B6 AGAINST Fusarium oxysporum (partial inhibition)
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F5 AGAINST Fusarium oxysporum (Inhibition)
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PLATE: 4

ACTIVITY OF THE ISOLATED ORGANISMS AGAIST

Rhizoctona solani

B5 AGAIST Rhizoctonia solani (no inhibition)

B6 AGAIST Rhizoctonia solani (inhibition)
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F5 AGAIST Rhizoctonia solani (partial inhibition)
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PLATE: 5

SEED GERMINATION TEST
FENUGREK
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PLATE: 6

SEED GERMINATION TEST

PEARL MILLET
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PLATE: 7
POT CULTURE EXPERIMENT
FENUGREK

B o 10
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PLATE: 8

POT CULTURE EXPERIMENT
(PEARL MILLET)
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TABLE: 3

ROOT LENGTH AND SHOOT LENGTH OF GERMINATED FENUGREK SEEDS AT
DIFFERENT CONCENTRATION OF CULTURE FILTRATES

TREATMENTS
CONCENTRATION OF CULTURE
ISOLATES PARAMETERS FILTRATES
(cm) 40% 80%
ROOT LENGTH 6.5 7.0
B5 SHOOT LENGTH 55 5.5
ROOT LENGTH 6.0 75
SHOOT LENGTH 55 6.0
B6
ROOT LENGTH 6.0 6.0
SHOOT LENGTH 45 5.0
F4
ROOT LENGTH 7.0 75
SHOOT LENGTH 6.0 6.5
F5
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ROOT LENGTH (cm) SHOOT LENGTH (cm)
WATER 5 5
CONTROL 55 5
TABLE: 4

ROOT LENGTH AND SHOOT LENGTH OF GERMINATED PEARL MILLET SEEDS
AT DIFFERENT CONCENTRATION OF CULTURE FILTRATES

TREATMENTS
PARAMETERS| CONCENTRATION OF CULTURE
ISOLATES (cm) FILTRATES
40% 80%
ROOT LENGTH 8.5 9.0
B5
SHOOT LENGTH 10.0 11.0
ROOT LENGTH 8.0 9.5
B6
SHOOT LENGTH 13.5 14.0
ROOT LENGTH 6.5 7.0
F4
SHOOT LENGTH 9.5 10.0
ROOT LENGTH 9.0 9.5
F5
SHOOT LENGTH 14.5 15.0
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ROOT LENGTH (cm)

SHOOT LENGTH (cm)

WATER 8.0 9.5
CONTROL 8.0 11.0
TABLE: 5

ESTIMATION OF PHOTOSYNTHETIC PIGMENTS AND PROTEIN IN CELLULASE
TREATED FENUGREK PLANT

TREATMENTS
(SEEDS
TREATED | concentration of Chla Chlb Total Chl Protein
WITH culture filtrates mg/g mg/g mg/g (Mg/g)
CULTURE
FILTRATES
)
40% 0.625 0.655 1.28 52.23
B5
80% 0.675 0.682 1.35 55.65
B6 40% 0.954 0.926 1.88 72.33
80% 1.112 0.987 0.09 76.48
F4 40% 0.546 0.578 1.12 45,61
80% 0.549 0.567 1.12 45.86
F5 40% 1.135 1.118 2.25 79.52
80% 1.144 1.116 2.26 79.93
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TABLE: 6
ESTIMATION OF PHOTOSYNTHETIC PIGMENTS AND PROTEIN IN CELLULASE
TREATED PEARL MILLET PLANT

TREATMENTS

(SEEDS TREATED Concentration | ch a Chlb | Total Chl | Protein

FILTRATEYS) filtrates

B5 40% 0.534 | 0.530 1.06 72.13
80% 0.568 | 0.572 1.14 75.56

B6 40% 0.879 | 0.798 1.68 93.13
80% 0.895 | 0.812 1.71 97.19

F4 40% 0.438 | 0.451 0.89 61.84
80% 0.521 | 0.539 1.06 13.89

F5 40% 0.964 | 0.942 1.91 94.87
80% 1.113 | 0.986 2.10 98.26
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TABLE: 7
IDENTIFICATION OF BACTERIA

CULTURE | GRAM SHAPE | INDOLE METHYL | CAESIN COLONY
NATURE PRODUCTION | RED DEGRADATION | COLOR
B5 - ROD - + + YELLOW
B6 - ROD WHITE
- + +
+ positive
- negative
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DISCUSSION:

The cellulose is world’s most abundant organic substance and comprises a major storage form
of photosynthesized glucose. It is the major component of biomass energy. Hence cellulolytic
enzymes play a vital role in utilizing this biomass energy and in the biological cycle of carbon.
Soil is store house of several organisms. Since several microorganisms synthesis cellulase
enzyme, these microbes can be employed to degrade cellulose mass efficiently. Cellulolytic
enzymes exhibit not only degradative activity but many catalytic activities like seed germination
and plant growth promotion.

Among the organisms studied Klebsiella planticola and Aspergillus niger produced
considerably high amount of cellulase when compared to the other two organisms. According to
a recent study, in-vitro optimization of microorganisms would yield higher amount of cellulase
(Sonia et al.,). Cellulase production with Aspergillus niger was highest at temperature 45°C, pH
5.0, incubation time (7 days) and in the presence of substrates (rice straw).

A wide range of Aspergillus species have been identified to posses all component of
cellulase enzyme system . In the present study Aspergillus niger produced enzyme in 7 days at
room temperature and with cellulose as substrate. In the millet part the following work has been
done in 2008 the fertility status of Setaria infecting Magnaporthe grisea isolates with Standard
Testers were identified by Karthikeyan, and Gnanamanickam. Biological control of Setaria blast
(Magnaporthe grisea) with selected bacterial strains of Bacillus and Pseudomonas species were
reported by Karthikeyan, and Gnanamanickam in 2008.

Using PCR method the blast disease caused by Magnaporthe grisea in Setaria italica was

identified rapidly by Karthikeyan, and Gnanamanickam in 2005.

The organism that produced high amount of cellulase enabled fast germination and prompted
plant growth. To some extent cellulase enzyme help the organism to defend itself from other
pathogens. The study concentrates on organisms that produce cellulase. There are several studies
on the potentiality of Fusarium verticillioides to produce fumonisin and its responsible gene
detection assay was reported by Karthikeyan et al., in 2008. Bakanae disease of rice in North-
Western Italy and its PCR based detection of Fusarium species was carried out by Karthikeyan,

et al., in 2009. The past work on ISR proved induction of systemic resistance in rice to bacterial
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blight by 1,2,3-Benzothiadiazole 7-carbothioic acid-S-methyl ester (BTH) treatments was done
by Karthikeyan and Gnanamanickam in 2011.
The modern technologies based on DNA research paved the better way of understanding the
disease like an efficient method for Fungal DNA Extraction highly Suitable for PCR Based
Molecular Methods was reported by Karthikeyan et al., in 2010. Molecular breeding of Indica
rices for blast and bacterial blight resistance was reviewed by Gnanamanickam, and
Karthikeyan in 2002

And followed by PCR based detection of fumonisin producing strains of Fusarium
verticillioides and gene related to toxin Production was reported by Karthikeyan, et al., in
2011. Every pathogen gains virulence with in five years of time so importance have to be given
on this aspect of study like Virulence Characteristic analysis and Identification of new

Pathotypes of Rice Blast fungus from India. Were reported by Karthikeyan, et al. in 2013

From the study it is clear that cellulase producing organisms could control the activity of
pathogens and induce seed germination and plant growth. Apart from these applications these
organism can degrade cellulose containing biomass and helps maintain biogeochemical cycles
particularly carbon cycle. Since the number of industries like paper and pulp industries is
continuously increasing, there is a need to study the microorganisms that produce cellulase to

promote bioremedy and to make our environment a sustainable one.
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