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ABSTRACT
Twenty eight actinomycetes strains were isolated from cotton plant rhizosphere soil of North Indian region of India. The
isolates were identified as actinomycetes by morphological studies. Among them 11 strain are selected on basis of
cellulolytic activities by primary screening. Cellulolytic activities were exhibited by strain A1, A2, A3, A8, A11, A13,
A16, A18, Grey 72, AB1, AB4 and it was confirmed by formation of clear zone of hydrolysis around the colonies. Among
the isolates maximum cellulolytic activity were exhibited by strains AB4 and it was determined by Enzyme assay.
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INTRODUCTION
Actinomycetes are traditionally considered to be
transitional forms between bacteria and fungi. Like fungi,
they form a mycelial network of branching filaments, but
like bacteria they are thin, possess cell walls containing
muramic acid, have prokaryotic nuclei and are susceptible
to antibacterial antibiotics[3,14]. They are therefore true
bacteria, bearing a superficial resemblance to fungi.
Actinomycetes are related to mycobacteria and
corynebacteria. They are Gram-positive, nonmotile,
nonsporing, noncapsulated filaments that break up into
bacillary and coccoid elements [5,8,22]. Most are free living,
particularly in the soil. They include the anaerobic
Actinomyces, Arachnia, Bifidobacterium and Rothia
species, and the aerobic Nacardia, Actinomadura,
Dermatophilus and Streptomyces species[30]. The major
pathogenic genus, Actinomyces is anaerobic or
microaerophilic and non-acid fast, While the Nacardia
species are aerobic and may be acid fast[8]. Species of
Streptomyces may causes disease but their importance is
as a source of antibiotics. Actinomyces bovis, probably the
most common of the six species of Actinomyces, causes
disease in cattle, while Actinomyces israelii and others
cause disease in humans[22]. Generally, abscesses are
produced in bone and soft tissue, with chronic draining
sinuses to the exterior Sulphur granules are found in the
exdudate. The morphology in diseased tissue is of a long
branching mycelium with attached ‘Sulphur granules’. The
Actinomyces species requires an anaerobic environment to
be isolated from clinical specimens, but then can be
maintained under microaerophilic conditions[1,7].
Treatment consists of surgical drainage or excision,
together with large doses of penicillin for several weeks or
month.
Degradation of cellulose by microorganism is a major
component of the carbon and energy flux in soil. Among
the microorganism soil actinomycetes have been a great
source of new compound and enzymes[8,14,31]. Cellulose is

a linear polysaccharides of glucose residues with β-1, 4-
glycosidic linkages. Actinomycetes are one of the known
cellulase producers [19, 20]. Streptomyces drozdowiczii, S.
lividans, S. longispororuber, S. rutgersensis, Streptomyces
sp. B-PNG23 are better examples for production of
cellulase and used in industries such as pulp and paper,
textiles, bio refineries , animal feed stocks, wine and
brewing, baking[21,22]. Alkaline or alkalitolerant and
cellulase producers are mainly found in the genera
Streptomyces and Thermoactinomyces[23]. Cellulolytic
enzymes are employed in the color extractions of juices, in
detergents causing color brightening and softening, in the
biostoning of jeans, in the pretreatment of biomass that
contains cellulose to improve nutritional quality of forage
and in the pretreatment of industrial wastes[24,27].
Actinomycetes, a separate taxonomic group within domain
bacteria, are members of the order Actinomycetes[29]. They
are Gram positive bacteria, primarily aerobic and spore
formers, with high G+C content[30]. As their name reflects
(in Greek, “atkis” means ray and “mykes” means fungus),
they share some morphological features with fungi[31].
They show filamentous growth, producing aerial or
substrate mycelium. Actinomycetes are responsible for
earthy smell of the soil[29]. These numbers are very large,
and an inevitable nasuta that has been found in most
aquatic and terrestrial environments worldwide [29,32]

including mangroves and sea sediments [33]. They belong
to both mesophilic and thermophilic groups[34], which
broaden the range of habitats inhabited by them.
Actinomycetes are known to produce an extensive range
of bioactive compounds including various enzymes having
multiple biotechnological applications. Five general types
of cellulases based on the type of reaction catalyzed.
Endocellulases (EC 3.2.1.4) randomly cleave internal
bonds at amorphous sites that create new chain ends.
Exocellulases or cellobiohydrolases (EC 3.2.1.91) cleave
two to four units from the ends of the exposed chains
produced by endocellulase, resulting in tetrasaccharides[6]
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or disaccharides, such as cellobiose. Exocellulases are
further classified into type I based on that work
processively from the reducing end of the cellulose chain,
and type II, that work processively from the nonreducing
end. Cellobiases (EC3.2.1.21) or beta glucosidases
hydrolyse the exocellulase product into individual
monosaccharide. Oxidative cellulases depolymerize
cellulose by radical reactions, as for instance cellobiose
dehydrogenase (acceptor). Cellulose phosphorylases
depolymerize cellulose using phosphates instead of water.

MATERIALS AND METHODS
Sample collection from rhizosphere area of soil in
Mehsana District
The soil sample is collected from different sites in Kherva,
Visnagar, Patan, and Mansa in Mehsana District in India.
The samples were collected using sterile new zip lock bags
using sterile spatula. The samples were transported to the
laboratory for the isolation of actinomycetes.
Enrichment and Isolation of soil actinomycetes
One gram of sediment soil were transferred into 100ml of
starch casein broth containing Calcium carbonate-0.02g,
Ferrous sulphate -0.01g, Magnesium sulfate-0.05g,
potassium nitrate-2g, potassium phosphate-2g, Sodium
chloride- 2g, Soluble starch-10g, Casein-0.3g and incubate
in rotary shaker 36˚C for 7days. Streaking on Starch
casein agar further isolated colony were selected from
SCA plate and subculture were maintained 4˚C until
further use.
Screening of Cellulase producing actinomycetes
Screening of Cellulase producing actinomycetes by using
Cellulose agar plate containing Meat extract-0.3g,
Peptone-0.5g, Cellulose-1%,  Agar-3%, PH-7 incubate
plate 36 ˚C for 6days after incubation add Iodine solution
in cellulose plate for observing zone of hydrolysis near
colony surface of actinomycetes.
Morphological characteristic of selected actinomycetes
colony
Actinomycetes isolates were inoculated on SCA media
and incubated for 7 days at 36°C. The colonies were
observed under a high-power magnifying lens and colony

morphology was noted with respect to color, aerial and
substrate mycelium and diffusible pigment of colony[26].
Biochemical characteristic of selected actinomycetes
colony
After preliminary studies, the isolates which were found to
be positive were selected for biochemical studies.
Biochemical tests generally used are gelatin hydrolysis,
starch hydrolysis, urea hydrolysis, acid production from
different sugars, hydrogen sulfide production test, triple
sugar iron (TSI) agar test, citrate utilization test, indole
test, methyl red test, Voges-Proskauer test, and catalase
test, oxidase test[25].
Effect of temperature on enzyme activity
Selected isolates were streak on SCA and incubate at
different temperature like 25°C, 30°C, 32°C, 34°C, 36°C,
38°C and 40°C for 72hrs after incubation diameter of zone
of hydrolysis was measured [35].
Effect of pH on enzyme activity
Selected isolates were streak on SCA and incubate at
different pH like 6, 6.5, 7.0, 7.5, 8.0, 8.5, 9.5 and 10 using
1N HCl and NaOH were adjusted. After 72hrs after
incubation diameter of zone of hydrolysis was
measured[35].
Effect of Nacl on enzyme activity
Selected isolates were streak on SCA and incubate at
different Nacl concentration 0%, 1%, 1.5%, 2%, 2.5%, 3%
and 3.5% using Nacl. After 72hrs of incubation diameter
of zone of hydrolysis was measured [35].
Enzyme assay
Cellulase activity was measured by using 1% Cellulose as
enzyme substrate. The reaction mixture containing 1ml of
substrate solution of 0.25g of Cellulose make final volume
24ml of Distilled water in beaker and covered with
aluminum foil and boiled to dissolve put in Water bath
incubator shaker at 70°C for 20min. after 10min cooled
down at room temperature. Addition of 0.5ml of culture
supernant crude enzyme and 1ml of Sodium acetate buffer.
The mixture was incubated at 37°C in Water bath
incubator shaker at 120rpm for 30min. Released sugar was
measured using 3, 5-Di nitro salicylic acid (DNSA
reagent) and glucose as standard. The color was developed
by boiling for 5min. take OD at 540nm [18].

RESULTSIsolation of soil actinomycetes
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FIGURE 1 Isolation of soil actinomycetes

Screening of Cellulase producing actinomycetes

FIGURE 2 Screening of Cellulase producing actinomycetes

Gram’s staining of selected actinomycetes colony
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FIGURE 3: Gram’s staining of selected actinomycetes colony
TABLE 1 Morphological characteristics of selected actinomycetes colony

Morphological characteristic of selected actinomycetes colony
Isolates Size Aerial mycelium Substrate mycelium Diffusible pigment Gram-staining
AB4 medium white Light-yellow yellow Gram negative
AB1 medium white brown brown Gram negative
Grey-72 Small grey white non Gram negative
A1 Small white Dark-pink Ruby-red(red+pink) Gram negative
A2 Small white Light-brown Light-brown Gram positive
A3 Small Light-grey brown Brown Gram positive
A8 medium white yellow Yellow Gram negative
A11 Small white Yellow Non Gram positive
A13 Small Off-white yellow Yellow Gram negative
A16 medium brown brown Light-brown Gram negative
A18 medium white white Non Gram negative

Biochemical characteristic of selected actinomycetes colony
TABLE 2 Biochemical characteristic of selected actinomycetes colony

Sr.no Name of Test

A
B

4

A
B

1

G
re

y7
2

A
1

A
2

A
 3

A
8

A
11

A
13

A
16

A
18

1 Methyl   r ed tes t + - + + - + + - + + +
2 Voges–Prauskar test + + + - + + - + + + +
3 Indole Production test + - + + + - + + - - +
4 H2S production tes t + + + + - - - + - + +
5 Nitrate Reduction test + + + - + + - - + - -
6 Urea hydrolysis test + - - - - - + - - - -
7 Citrate utilization test - + - - - - - + - - -
8 Phenylalanine deaminase - - + + - + + - - + -
9 Fermentat ion test

Glucose + + + + + + + + + + +
Dextrose + + + + + - - - - - -
Ma nni to l + + - + + - + + + + +
Fr uc t os e + - - - - + - - - - -
M a l t o s e - + + + + + + - + + -
Sucrose - - - - - - - + - - -

1 0 A m y l a s e + - + + + + + + - + -
1 1 P r o t e a s e + + + + + + + + + + +
1 2 C e l l u l a s e + + + + + + + + + + +
1 3 P e c t i n a s e + + + + + + + - - - +
1 4 L i p a s e + + + + + + + + + + +

(+)  indicates positive results      (–) indicates negative results
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Optimization of Enzyme activity
Effect of temperature on enzyme activity

FIGURE 4: Effect of temperature on enzyme activity

Effect of temperature on enzyme activity: Among the
different incubation temperature 35⁰C was found to be
optimum to isolates species for the production and activity

of the enzyme. The maximum production and activity of
the enzyme was 21mm diameter of zone

FIGURE 5 Effect of PH on enzyme activity

Effect of PH on enzyme activity: Among the different
incubation PH 7 was found to be optimum to isolates
species for the production and activity of the enzyme. The

maximum production and activity of the enzyme was 20
mm diameter of zone.

FIGURE 6: Effect of Nacl conc. on enzyme activity
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Effect of Nacl on enzyme activity: Among the different
incubation 1.5% was found to be optimum to isolates
species for the production and activity of the enzyme. The

maximum production and activity of the enzyme was
23mm diameter of zone.

Enzyme assay of isolated actinomycetes AB4:

TABLE 3 Enzyme assay of isolated actinomycetes AB4
Isolates Substrate Activity

(U/ml)
Specific activity
(U/ml)

AB4 Cellulose 30.12 37.65
Carboxymethyl cellulose (CMC) 65.56 81.95

DISCUSSION
In the present study eleven actinomycetes were isolated
from the rhizosphere by use of Enriched medium Starch
casein broth for primary screening of actinomycetes.
Selected actinomycetes from broth further streaking on
Starch casein agar and incubated plates. Enrichment and
Isolation of soil actinomycetes. one gram of sediment soil
were transferred into 100ml of starch casein broth
containing Calcium carbonate-0.02g, Ferrous sulphate -
0.01 g, Magnesium sulfate-0.05 g, potassium nitrate-2 g,
potassium phosphate-2 g, Sodium chloride- 2g, Soluble
starch-10g, Casein-0.3g and incubate in rotary shaker 36
˚C for 7days. Streaking on Starch casein agar further
isolated colony were selected from SCA plate and
subculture were maintained 4 ˚C until further use.
Morphological characteristic of selected isolates are
observed based on size, aerial mycelium, substrate
mycelium, diffusible pigment and Gram’s staining. Most
of the isolated actinomycetes gave white and grey aerial
mycelium, yellow color gave substrate mycelium.  Isolates
AB1, AB4, A1, A2, A3, A8, A11, A13, A16 and A18 gave
diffusible pigment while Grey-72 not gave diffusible
pigment. After 7days incubation performs Gram’s staining
of selected actinomycetes colony was performed by use of
Crystal violet, Gram’s iodine, alcohol and safranin.
Observed slide under 100X oil immersion lens. Isolated
actinomycetes cell wall are stain with purple color due to
crystal violet so isolated actinomycetes are Gram’s
positive actinomycetes. By performing biochemical test
result are shown in table-2. Based on primary screening on
cellulose agar plate select AB-4 which gave high cellulase
activity by observing zone of hydrolysis on cellulose agar
plate. Further study on AB4 optimization of enzyme
activity by use of different parameters like temperature,
PH and Nacl. Effect of temperature on enzyme activity
Selected isolates were streak on SCA and incubate at
different temperature like 25°C, 30°C, 32°C, 34°C, 36°C,
38°C and 40°C for 72hrs after incubation diameter of zone
of hydrolysis was measured. Among the different
incubation temperature 35⁰C was found to be optimum to
isolates species for the production and activity of the
enzyme. The maximum production and activity of the
enzyme was 21mm diameter of zone for cellulase activity.
Effect of pH on enzyme activity. Selected isolates were
streak on SCA and incubate at different pH like 6, 6.5, 7.0,
7.5, 8.0, 8.5, 9.5 and 10 using 1N HCl and NaOH were
adjusted. After 72hrs after incubation diameter of zone of
hydrolysis was measured. Among the different incubation
PH-7 was found to be optimum for cellulase activity of
enzyme. The maximum production and activity of the
enzyme was 20mm diameter of zone for cellulase activity.

Effect of Nacl on enzyme activity. Selected isolates were
streak on SCA and incubate at different Nacl
concentration 0%, 1%, 1.5%, 2%, 2.5%, 3% and 3.5%
using Nacl. After 72hrs of incubation diameter of zone of
hydrolysis was measured. Among the different incubation
1.5%Nacl was found to be optimum for Cellulase activity
of the enzyme. The maximum production and activity of
the enzyme was 23mm diameter of zone for cellulase
activity.
Authors Contribution statement
Mrs. Bhoomi Patel, Dr. Priti Patel and Mrs. Vaidehi Patel
conceptualize and gathered the data with practical work
experience done in Mehsana Urban institute of science
laboratory, Kherva Mehsana Gujarat. With regard to this
“Isolation and optimization of cellulase producing
actinomycetes from soil of Mehsana District, Gujarat”.

REFERENCES
[1]. Isolation of Cellulose-Degrading Bacteria and

Determination of Their Cellulolytic Potential Pratima
Gupta, KalpanaSamant, and Avinash Sahu  Hindawi
Publishing Corporation International Journal of
Microbiology Volume 2012, Article ID 578925, 5
pages.

[2]. Pratima Gupta, Kalpana Samant, and Avinash Sahu
Isolation of Cellulose-Degrading Bacteria and
Determination of Their Cellulolytic Potential Inter-
national Journal of Microbiology Volume 2012,
Article ID 578925, 5 pages

[3]. Ramesh Chander Kuhad, Rishi Gupta, and Ajay Singh
Microbial Cellulases and Their Industrial
Applications US National Library of Medicine
National Institute of Health

[4]. Vipul Verma, Alpika Verma and Akhilesh Kushwaha
Isolation & production of cellulase enzyme from
bacteria isolated from agricultural fields in district
Hardoi, Uttar Pradesh, India Pelagia Research Library
Advances in Applied Science Research, 2012, 3
(1):171-174

[5]. Basavaraj I. Patagundi, C.T. Shivasharan and B.B.
Kaliwal Isolation and Characterization of Cellulase
producing bacteria from Soil Int. J. Curr. Microbiol.
App. Sci (2014) 3(5): 59-69.

[6]. Lakshmikant Cellulose degradation and cellulase
activity of five cellulolytic fungi World Journal of
Microbiology and Biotechnology March 1990,
Volume 6, Issue 1, pp 64–66

[7]. M. Pandimadevi, Faridha Begum. I Screening,
Characterization and Optimization of Cellulase
Producing Bacteria Isolated from Paper Sludge



G.J.B.B., VOL.9 (1) 2020: 18-24 ISSN 2278 – 9103

24

international journal of scientific research Volume: II,
Issue : IX, September – 2013

[8]. C. Trilokesh & Kiran Babu Uppuluri Isolation and
characterization of cellulose nanocrystals from jack
fruit peel Scientific Reports volume 9, Article
number: 16709 (2019)

[9]. Amita Sharma, Manisha Thakur, Munna
Bhattacharya, Tamal Mandal, Saswata Goswami
Commercial application of cellulose nano-composites
Biotechnology Reports Volume 21, March 2019,
e00316.

[10]. Vaishali, V. Surve, Meena U Patil., Smita, M.
Dharmadekari (2012) Moderately Halophilic
Bacteria from Solar Saltpans of Ribander, Goa: A
Comparative Study International Journal of
Advanced Biotechnology and Research. Vol. 3,
Issue 3: 635-643.

[11]. Pandey A, Nigam P, Soccol CR, Soccol VT, Singh
D, Mohan R (2000). Advances in microbial
amylases. Biotechnol. Appl. Biochem. 31: 135-152.

[12]. Measurement of saccharifying cellulase Douglas E
Eveleigh,Mary Mandels,Raymond
Andreotti &Charles Roche Biotechnology for
Biofuels volume 2, Article number: 21 (2009)

[13]. Hui -Ying Yu XinLi Biomass and Bioenergy Alkali-
stable cellulase from a halophilic isolate, Gracili
bacillus sp. SK1 and its application in lignocellulosic
saccharification for ethanol production Volume
81, October 2015, Pages 19-25

[14]. Markku Saloheimo, Tiina Nakari‐ SetäLä, Maija
Tenkanen, Merja Penttilä cDNA Cloning of
a Trichoderma reesei Cellulase and Demonstration of
Endoglucanase Activity by Expression in Yeast
European Journal of Biochemistry

[15]. Saito N and Yamamoto K. Regulatory factors
affecting aamylase production in B.licheniformis. J
Bacteriol. 1975; 121:848-856. Ryan SM, Fitzgerald
GF and Van

[16]. Agrawal Shweta (2015) Solid state fermentation for
cellulase production Biotec.Res.J., Vol 1(1):108-112

[17]. Arijit Das, Sourav Bhattacharya and Lakshmi Murali
Production of Cellulase from a Thermophilic Bacillus
Sp. Isolated from Cow Dung Emerican-Eurasian J.
Agric. & Environ. Sci., 8(6): 685-691, 2010

[18]. Jang HD and Chenks. Production and characterisation
of thermostable cellulase from Streptomyces
transformant T3-1. World J. Microbiol. Biotechnol;
2003.19:263-268.

[19]. Arunachalam R. Wesley EG. George J and Annadurai
G. Novel approaches for Identification of
streptomyces nobortoensis TBGH-V20 with cellulase
production. Curr. Res, Bacteriol. 2010. 3(1): 15- 26.

[20]. Yassien MAM. Jiman-Fatani AAM. And As four HZ.
Production, purification and characterization of
cellulase from Streptomyces sp. Afri Journal of
Microbio, 2014, 4. 348-354.

[21]. Bagewadi ZK. Vernekar AG. Patil AY. Limaye AA.
And Jain VM. Biodegradation of industrially
important textile dyes by actinomycetes isolated from
activated sludge. Biotechnol Bioinf Bioeng, 2011. 1,
351-360.

[22]. Techapun C. Poosaran N. Watanabe M. Sasaki K.
Thermostable and alkaline-tolerant microbial cellulase

free xylanases produced from agricultural wastes and
the properties required for use in pulp bleaching
bioprocess: a review. Process Biochem 2003;
38(1):1327–1340.

[23]. Buchert J. Pere J. Oijusluoma L. Rahkamo L. Viikari
L. Cellulases-tools for modification of cellulosic
materials. In: Niches in the world of textiles world
conference of the textile institute, Manchester,
England; 1997. 284–290.

[24]. Nonomura H. Key for classification and identification
of 458 species of the Streptomycetes included in
ISP. J Ferment Technol (formerly known) 1974;
52:78–92.

[25]. Pepper IL, Garba CP. Vol. 2. San Diego, CA: Elsevier
Acadamic Press; 2004. Environmental Microbiology;
pp. 37–49.

[26]. Van Wyk J. Mogale A. Seseng T. Bioconversion of
wastepaper to sugars by cellulose from Aspergillus
niger. Trichoderma viride and Penicillium
funiculosum. J Solid Waste Technol Manage 2001;
27(2):82–86.

[27]. Recent developments and challenges of biocatalytic
processes in the pharmaceutical industry Current
Opinion in Green and Sustainable Chemistry Volume
11, June 2018, Pages 58-64

[28]. H. S. Chaudhary, B. Soni, A. R. Shrivastava, and S.
Shrivastava, “Diversity and versatility of
actinomycetes and its role in antibiotic
production,” Journal of Applied Pharmaceutical
Science, vol. 3, no. 8, supplement 1, pp. S83–S94,
2013.

[29]. L.S.H. (2008) Jeffrey, “Isolation, characterization and
identification of actinomycetes from agriculture soils
at Semongok, Sarawak,” African Journal of
Biotechnology, vol. 7, no. 20, pp. 3700–3705,.

[30]. A. Das, K. Hamedani, M. Soudbakhsh, K. Prashanthi,
S. Bhattacharya, and S. Suryan, “Enzymatic
screening, antibacterial potential and molecular
characterization of Streptomyces isolated from
Wayanad District in Kerala, India,” International
Journal of Pharma and Bio Sciences, vol. 2012, no. 2,
pp. 201–210, 2012.

[31]. P. Das, R. Solanki, and M. Khanna, “Isolation and
screening of cellulolytic actinomycetes from diverse
habitats,” International Journal of Advanced
Biotechnology and Research, vol. l5, no. 3, pp. 438–
451, 2014.

[32]. M. Veiga, A. Esparis, and J. Fabregas, “Isolation of
cellulolytic actinomycetes from marine sediments,
Applied and Environmental Microbiology, vol. 46,
no. 1, pp. 286–287, 1983.

[33]. D.B. Wilson, “Biochemistry and genetics of
actinomycete cellulases,” Critical Reviews in
Biotechnology, vol. 12, no. 1-2, pp. 45–63, 1992.

[34]. P.B. Acharya, D.K. Acharya and H.A. Modi
Optimization for cellulase production by Aspergillus
niger using saw dust as substrate African Journal of
Biotechnology Vol. 7 (22), pp.4147-4152, 19
November, 2008.


