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ABSTRACT

Cellulases have become the focal biocatalysts aldbketir wide spread industrial applications. Wideiety of
bacteria in the environment permits screening forarefficient cellulase producing strains. The gtimtuses
on isolation and screening of cellulase produciotinamycetes. The isolates from varied ecologicbitats
were subjected to primary screening. Between 8@4PGsolates were found to produce cellulase enzyme.
Among the isolates tested, colonies 51, 157, 19 MRRL B-16746 & albidoflavus) showing appreciable
zones of clearance were selected for secondargrsage Enzyme activity was determined in crude and
partially purified extracts. NRRL B-16748&. albidoflavus (1.165 U/ml/min) showed maximum activity
followed by colony 194 (0.995 U/ml/min), colony §Q@. 536 U/ml/min), colony 157 (0.515 U/ml/min) and
NRRL B-1305 & albogriseolus; positive control) (0.484 U/ml/min). The taxononstatus of isolates 51,157
and 194 was studied by polyphasic approach inctudinorphological and biochemical characterizatione T
16S rRNA gene sequence similarity between isol&fesand its phylogenetic relativ& griseochromogenes
NBRC 13413 (AB184387) isolate 157 and its relativé® rochei NBRC 12908 (AB184237),S. enossicasilus
NRRL B-16363 (DQ026641),S plicatus NBRC 13071 (AB184291) and isolate 194 witR albidoflavus
DSM 40445 (Z76676as 100, 100 and 96.20% respectively. The 16S rRREAe sequences of isolates 51,
157 and 194 were submitted to GenBank nucleotidabdase of the National Centre for Biotechnology
Information (NCBI) and assigned accession numbd@9861, KJ934594, KJ934595 respectively.

Keywords. Actinomycetes, Cellulolytic activity, Primary andcondary screening, 16S rRNA gene, Polyphasic
taxonomy.

[I] INTRODUCTION

Enzymes are complex proteins, produced by allmportant group of filamentous gram positive
living beings [15]. Soil micro-organisms micro organisms, which are widely distributed in
including bacteria, fungi and nematodes secretdifferent habitats and are degraders of organic
extra cellular enzymes for the degradation ofmatter in the natural environment, producers of
organic matter [42]. Actinomycetes are anantibiotics [19, 44, 45, 46] and extracellular
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enzymes such as cellulases [7, 28], chitinasedegradation was indicated by the formation of
[48], xylanases [16], peptidases, proteasesgleared zone of hydrolysis around the colonies
amylases [47], pectinases, hemicellulases anftl] which was measured to select cellulase
keratinases [40]. producing isolates [9].

Due to increasing demand for energy and risind2.3 PCR and Sequencing

cost of fossil fuels, the need of utilization of Genomic DNA was isolated by methods
renewable resources for the production ofstandardized for actinomycetes [20, 23]. PCR
alternative energy has become important [51](Master cycler gradient, Eppendorf) mediated
Lignocellulose is one such important bio-residueamplification of 16S rRNA gene was done by
generated from different industries [29] anduniversal primers: 8F (5'-
includes renewable biopolymers such asAGAGTTTGATCCTGGCTCAG-3") and
cellulose, hemicellulose and lignin [30]. 1492R (5'- TACGGTTACCTTGTTACGACTT-
Cellulose is commonly degraded by an3"); 27F (5-AGAGTTTGATCCTGGCTCA-3)
extracellular enzyme called cellulase [28, 52].and 1542R (5-
Cellulase complex consists of a group of freeAAGGAGGTGATCCAGCCGCA-3)

enzymes- endoglucanase, exoglucanase an&IGMA). Eluted amplicons were purified with
cellobiase which together convert cellulosic Bangalore Genei kit and were sequenced by the
substrates into fermentable products [22]. TheMicro Sedf 16S rRNA gene sequencing kit
high cellulase producing bacterial genera includgApplied biosystems, USA) and Applied

Streptomyces, Bacillus, Pseudomonas,  Biosystems 3100 Avahf Genetic Analyzer

Thermonospora, Actinosynnema and  Sequencer. Resultant sequences 1437nt for

Nocardiopsis|[2, 5, 35, 52]. isolate no 51, 1450nt for isolate no 157 and
1432nt for isolate no 194 were aligned manually

[11T MATERIALSAND METHODS with sequences of availab&reptomyces drawn

2.1 Isolation of actinomycetes from the Eztaxon [6]. Phylogenetic trees were

Soil samples were collected from diverseconstructed by neighbor-joining method [39]
ecological habitats for isolation of actinomycetesusing Clustal_X 1.81 and MEGA 4.1 [4, 33, 46,
(Table 1). Samples were dried and appropriat&9]. Topology of the phylogenetic trees was
aliquots of the dilutions prepared in saline wereevaluated by bootstrap resampling method with
spread on actinomycete specific media includinglO0O replicates [17, 26]. The evolutionary trees
Yeast Extract-Malt Extract (YM agar) [43], were rooted withActinomadura hibisca JCM
Starch Casein (SC agar) [21], Arginine Glycerol9627 (AF163115) as the out-group [46, 50].
(AG agar) [8], Organic Agar Gause 2 (OMG 2) The 16S rRNA gene sequences of isolates 51,
[11] and Glycerol Asparagine (GA agar) [43]. 157 and 194 were submitted to GenBank
Single actinomycete colonies were purified bynucleotide database of the National Centre for
restreaking on YM agar plates and stored a®iotechnology Information (NCBI) for

20% glycerol stocks at -20 °C/-80. accession numbers.
22 Primary Screening of isolates for 2.4 Bacterial characterization
production of Cellulase enzyme Morphological and biochemical characterization

Basal agar medium containing (§L(NH,),SO,  of strains was carried out as per protocols of
2.64, KHPO, 2.38, KHPQO,3H,O 5.65, InternationalSreptomyces project [20, 33, 43].
MgSQ,.7H,O 1, 1 ml of trace salt solution Observation of spores and mycelia of isolates
(composition gL, CuSQ.5H,0 6.43, 51, 157 and 194 was made by phase contrast
FeSQ7H,O 1.1, MnC}4 H,O 7.9, ZnSQ7 microscope (Nikon E600) [33].

H.O 1.5), agar 15 (pH 6.8-7) [12] supplemented2.5 Secondary screening of enzyme activity by

with 2% cellulose was prepared. Cultures weresubmerged fer mentation process

spot inoculated and incubated af@8or 7 days Isolates showing appreciable zones of clearance
to allow for secretion of cellulase. Cellulose were inoculated in 25ml of 148G medium (gL
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Glucose 22, Beef extract 4, Bacto peptone 5enzyme volume was made up to 15 ml using 0.5
Yeast extract 0.5, Tryptone 3, NaCl 1.5, (pHM Tris HCl buffer (pH 8.5) and was
7.5). CFU's/Iml was calculated [9] and the concentrated upto 1 ml using the Amicon ultra
inoculum having an average viable count of 10 centrifugation tubes (membrane cut-off of 3
to 10 CFUs/ml was transferred to basal kDa) at a speed of 3000 rpm for 2 hours &4
medium, incubated at A8 for 5-6 days on The partially purified sample was assayed for
rotary shaker (New Brunswick Scientific, enzyme activity and protein estimation.

Excella E24R) at 200 rpm [41,42]. 29 Proten content in partially purified
2.6 Protein content in crude culture broth products

Protein concentration in crude enzyme wasProtein content in samples was determined as
determined by Lowry’s method [24] with mentioned earlier.

Bovine serum albumin (BSA) as a standard. 3.0 Enzyme assay in partialy purified

2.7 Enzyme assay in crude culture broth products

Cellulase activity was estimated in crude cultureProtein concentration was equalized in all
broth. Well grown, week old cultures were samples by using 0.5M Tris-Cl (pH 8.0).
centrifuged to obtain cell free supernatant, usedenzyme activity was measured in the equalized
as a source of crude enzyme [52]. Cellulaserotein samples by DNS method using glucose
activity was measured, using Dinitrosalicyclic standard curve.

acid (DNS) method [13, 38]. 0.5 ml of crude

culture filtrate was added to 1.5 ml of 2% [I11] RESULTSAND DISCUSSION

cellulose prepared in 0.05M sodium citrate 3.1 I solation of actinomycetes

buffer (pH 4.8) were incubated at 40°C for 30Soil samples were collected from diverse
minutes. The reaction was terminated by addingcological habitats (Table 1, Figure 1). 646
3 ml DNS reagent and by subsequent incubatiomctinomycete bacterial colonies were isolated
at 100°C for 5 minutes. Absorbance wasusing actinomycete specific media; AG agar,
recorded at 575 nm using spectrophotometeGA agar, OAG 2 were found to be more
(UV Vis Elico SI-159) [27, 32, 36]. By using a effective (Table 2).

calibration _Cl_Jrve for g-lucose, one unit of Table 1: Number of isolates from different

enzyme activity was defined as the amount Ofecological habitats

enzyme that releasesuMl of glucose/ml/min gNq. Habitat Total
[41]. Enzyme activity (IU/ml/min) was no. of
; colonies

calculated by the formula- Concentration of AGRICULTURAL SOILS

glucose (pg/ml)* x reaction volume / Molecular

weight of glucose x reaction time x volume of | Agriculturalsoil, Dhanaura, UP — 86
0. " Agricultural soil, Yamuna Bank, Delhi 37

enzyme  x  dilution  factor,  (*where, Agricultural soil, Nainital 13

Concentration of glucose = Actual OD/ Slope Agricultural soil, Kashipur 17

from the graph) [3, 36] INDUSTRIAL SOILS

2.8 Purification of enzyme by ammonium 2. Sugar Plant, Dhanaura, U.P 7

sulphate saturation and dialysis method Chemical Plant, Faridabad 10

50 ml of crude culture extract was saturated upto , | “NPFHESOIES

80% by addition of 25.8g ammonium sulphatg Dumping site, Sarai Kale Khan, Delhi 28

and the mixture was kept overnight &C4for RIVER/LAKE SOILS

protein precipitation [4.1, 42., 52]. Precipitate 4. vamuna Bank, Delhi 6

was recovered by centrifugation at 8000 rpm, for Lake soil, Purana Quila, Delhi 14

20 min, 4C and brought in 0.5 M Tris HCI DIVERSITY PARK SOILS

buffer (pH 8'0) by dialysis through dialysis 5. Diversity Park, Sarai Kale Khan, Delhi 8

membrane-150 (HiMedia, 5KDa), overnight a\‘t Great Himalayan National Park, Teerthan| 42

4°C with continuous stirring. After dialysis, the Valley, H.P
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Great Himalayan National Park near a 38
narrow spring, Teerthan Valley, H.P
SEA/BEACH SOILS
Catamaran Beach Hotel, Colombo, $ri 20
6. Lanka 76
Havelock Islands, Andaman & Nicobar 98
Islands
Carbon Island, Andaman & Nicobar Islands
FOREST SOILS
! Killingpong 4000ft, Kolkata 44
Pine Forest, Teerthan Valley, H.P 102

Table 2: Comparison of efficacy of different media
for the selective isolation of actinomycetes

+++ large number of colonies, ++ moderate numberotdnies, +

less number of colonies

Figure 1. Some collection sites for soil samples

S albogriseolus due to production of cellulase
were 33mm, 31mm, 26mm, 18mm and 17mm
respectively (Figure 2, Table 4, Graph 1). Based
on the results of primary screening, colonies 51,
157, 194,S. albidoflavus and S.albogriseolus
(control) which showed substantial cellulase
activity and representing diverse ecological
habitats were selected for further analyses.

Appearance of

Medium actinomycete colonies

Arginine Glycerol (AG) agar +++

Glycerol asparagine agar +++

Organic Gause agar +++

Starch caesin agar ++

Yeast extract Malt extract agar +

Table 3: Primary Screening results for cellulase
enzyme

| Activity

AGRICULTURAL SOIL, DHANAURA

Colony no 4 +++

Colony no 23

Agricultural Soil, Agriculturabg

Colony no 43 ++

Colony no 51 +++

Yamuna Bank, Delhi, India Dhanaura, UP, India

Colony no 157 +++

AGRICULTURAL SOIL, YAMUNA RIVER

Colony no 85 ++

Colony no 101

Colony no 138 ++

Colony no 196 +++

Colony no 222 +++

DUMPING SITE, SARAI KALE KHAN

Dumping site,

Sugampja

Colony no 102

Colony no 112 ++

Sarai Kale Khan, Delhi, India

Dhanaura, UP, India

Colony no 136 ++

Colony no 186 +++

3.2 Primary screening of isolates

Colony no 194 +++

Preliminary screening revealed that extent of

Streptomyces  albogriseolus  (NRRL  B-1305) +++

(Cellulase Control )

degradation of cellulose varied from isolate to
isolate (Table 3). Between 80-90% isolates

Sreptomyces  mexicanus (NRRL  B-24196) +++

(Xylanase control)

showed cellulase activity. Colonies 4, 51, 157
196, 222, 186, 1943treptomyces albogriseolus

Streptomyces  thermocoprophilus  (NRRL  B-
24314) (Xylanase control)

(NRRLB 1305),S subrutilus (NRRLB 12377),

Sreptomyces  albidoflavus  (NRRL  B-16746)
(Chitinase control)

+++

S mexicanus (NRRLB 24196),S. albidoflavus

Streptomyces venezuelae (ISP 5230) (Chitinasg +++

control)

(NRRLB 16746),S venezuelae (ISP 5230),S.
stramineus (NRRLB 12292) andS. coelicolor

Streptomyces  stramineus  (NRRL  B-12292)
(Phosphatase control)

+++

(NRRLB 16638) showed substantial cellulase

Streptomyces  coelicolor +++

(Phosphatase control)

(NRRL B-16638)

production.

+++ = High activity, ++ = Moderate activity, + = loactivity, - = No

It was found that the cleared zone diametersciuiy

produced byS albidoflavus (NRRL B-16746),
isolate no 194 , isolate no 51, isolate no 157 an

Monisha Khanna, et al.

able 4: Clear zone produced by isolates due to
production of cellulase
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Clear zone
diameter
SNO Strains (Diameter of clear
zone-inoculum
size) (mm)
1. NRRL B- 16746 ftreptomyces 33
albidoflavus)
2. Colony 194 (Dumping site, 31
Sarai Kale Khan, Delhi)
3. Colony 51 (Agricultural soil, 26
Dhanaura, UP)
4. Colony 157 (Agricultural soil 18
Dhanaura,UP)
5. NRRL B-1305 (Streptomyces 17
albogriseolus)(Control)

Graph 1: Comparative bar graph of zone

clearance of various isolates

Size of zone of clearance (in mm)

Figure 2. Plates showing zone of clearance of
isolates due to production of cellulase

Figure 2.1: Streptomyces albidoflavus (NRRL B-
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Figure 2.3: Colony no 51culture showing zone of
clearance (size- 26 mm) on basal medium with
cellulose

Figure 2.4: Colony no 157culture showing zone of
clearance (size- 18 mm) on basal medium with
cellulose

Figure 2.5: Streptomyces albogriseolus (NRRL B-
1305) culture showing zone of clearance (size- 17
mm) on basal medium with cellulose.

3.3 Identification of isolates
Comparison of 16S rRNA gene sequences of

16746) culture showing zone of clearance (size- 33solate 51 (1437nt), isolate 157 (1450nt), isolate
mm) on basal medium with cellulose

Figure 2.2: Colony no 194 culture showing zone of
clearance (size- 31 mm) on basal medium with

cellulose

Monisha Khanna, et al.

194 (1432nt) with sequences of close
Sreptomyces species deposited in  databases
indicated that these isolates belong to genus
Streptomyces.

Rooted phylogenetic trees based on neighbor
joining method, prepared separately for isolates
51, 194 and 157 indicated that these were
included in distinct clades in their respective
trees (Fig 3, 4, 5). Isolate 51 showed 100%
similarity with Sreptomyces griseochromogenes
NBRC 13413 (AB184387) [39], isolate 157
shows 100% similarity witl®treptomyces rochei
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NBRC 12908 (AB184237) [40], Sreptomyces  [41] and Streptomyces plicatus NBRC 13071
enissocaesilis NRRL B-16365 (DQ026641) (AB184291) [42]. Isolate 194 showed 96.20%

{Eﬁ'&pmm}ms longwoodens iz LMG 200067 (AT781336)

= Strepiomyces galbus DSM 400897 (X703352)

= L Strepiomyces bungoensis NBRC 157117 (AB134696)

il Streptomyces capoanus ICM 47347 (AB043877)
— Strepiomyces corchorusiiNBRC 130327 (AB134267)

3 & _:Eﬁ'epmm‘cgz olivaceovirdi: NBR.C 130667 (AB184238)

= Streptomyces canarins NBRC 134317 (AB184396)
— Strepiomyces grisepruber NBRC 128737 (AB134209)
el “L—— Streptomyces antibivicuss NBRC 128387 (AB184184)1

[
i

_='='|:Isc-late no. 51
: Streptomyces griceschromogenes NBRC 134137 (AB184387)
Streptomyces cellostaticus NBRC 128497 (AB184192)
Streptomyces olivachromogenes NBRC 31787'AB184737)
] _|: Streptomyces achromogenes NBRC 127357 (AB184109)
= Streptomyces durhamens i NRRLB 33097 (AY099783)
Ww—— Strepiomycer came NERLB -19807 (AT 009773)
Strepionyces chacuacas icus NERC 12872T (AB184208)
= Streptomyces flavovariabilic NBRC 1007647 (AB240931)
Strapiomyeces pseudovenszueize NBRC 120047 (AB184233)
ey ———— Strepiomyces resttomycificus NBRC 128147 (AB184166)
. _|: Streptomyces novaeraesarcae NBRC 133687 (AB134337)
= Streptomyces alboniger NBRC 127387 (AB184111)
Actinomadura hibizca JCM 96277 (AF1631135)

Fig. 3 Rooted phylogenetic tree based on 16S rRNA genegesegs, showing the relationship between isolate5h (KJ995861) and related
representative species of the geSusptomyces. The sequence of the 16S rRNA genédfnomadura hibisca JCM 9627 (AF163115) was
used as an outgroup. The tree was generated bsinteighbor-joining method (Clustal_X version 18l MEGA version 4.1) and includes
bootstrap percentages based on the analysis dJ ie88mpled datasets.

100 Strepiomyces violaceus (NBRC 130137 AB184315
2 Strepiomyces roseovialaceus (ISP 52777 AJ399434
ES ——Sirepionyces argenoieoius (NBRC 134027 AB184379
— Strepiomyces massasporews (NBRC 127967 AB184152
51 a] Streptomyces arenae (NBRC 130167 AB249077
{Eﬁ‘epmmjms hawaiiensiz (NBRC 127347 AB184143
——— Strepiomyces spinoverrucosus (NBRC 142287 AB184578
34 _:E?epmm}ms purpurascens (NBRC 130777 AB184859
o Strepiomyces coelicolor (NBRC 154237 AB184670
Strepiomyees grisens (NBRC 129907 AB134248
Strepiomyces vinaceus (VK A607) AY079156
Izolate no. 194
Strepiomyces albidoflavus (DSM 404557) 276676
Streptomyces somaliensis (NBRC 120167) AB184243
2 — Strepiomyces hydrogenans (NBRC 134757) AB184363
15 Strepiomyces sampsoni(NBRC 130837 AY000737
_H:Erfgmmams dag;fe., r-:zrz[;u.s (NERLE 34187) DQ4424907
Strepiomyces infermedius (NBRC 130497 AB184277
= ——Strepiontyces diastaticus (NBRC 37147) AB184785
a3 Strepiomyces galilaens (NBR.C 31937) AB134742
_ﬂzﬂﬁﬁmﬂ:}cﬁ Er;bbispmg:.s (NBRC IED?' 70T AB184170
Actmomadura ibizca JCM 9627T AF1631135

Fig. 4 Rooted phylogenetic tree based on 16S rRNA genaesegs, showing the relationship between isolate 184 (KJ934594) and related
representative species of the gefmsptomyces. The sequence of the 16S rRNA genéainomadura hibisca JCM 9627 (AF163115) was used as
an outgroup. The tree was generated using the Im&ighining method (Clustal_X version 1.81 and MEG#érsion 4.1) and includes bootstrap
percentages based on the analysis of 1,000 resduaigiesets.
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18 Strepiomyces vinaveusdrappus NERL 23637 (AT000020)
1 _|:Er.?‘epmm}'cas enissocaesilis NRRLB-163657 (DQ026641)
——— Strepiomyces rechei NERC 120087 (AB18423T)
Izolate ne 137
55 Streptonyces plicatus NERC 130717 (AB134201)
Strepionyyces ghanaensis KCTC 98827 (AT900831)

Strepromyces geysiviensic NBRC 134137 (AB184661)
Strepromyces muiabiliz NERC 128007 (AB184136)
2 Strepiomyces vielaceorubidus LMG 203197 (AT781374)
100 trepiomyces tendae ATCC 198127 (DG38T73)
Straptomyces tuirus NBRC 136177 (AB134690)

o Strepomyces diakartensis NBRC 154097 (AB184637)

- — Strepiomyces azureus NBRC 127447 (AB134837)

86 L— Straptomyces capillis piralis NBRC 142227 (AB18457T)

— Streptomyces flavovirdis NBRC 127727 (AB184342)
100 L Streptomyces pilosus NBRC 127727 (AB184161)
Srepromyces anandii NERLE 3390 (AY000803)
— Strepiomyces virens NBRC 158017 (AB184713)
|00 _E‘rrepmm‘cez asterosporus NRRLE 243287 (AT 090002)
4 Strepiomyces cabus ISP 50107 (AY999750)

Strepiomyces aurantiogrizens NBRC 12842 T(AB184188)
Actinomadura hidizea JCM 96277 (AF163115)

53

il

.

43

)]

51

Fig. 5 Rooted phylogenetic tree based on 16S rRNA gengesegs, showing the relationship between isolaie157 (KJ934594) and
related representative species of the geBiteptomyces. The sequence of the 16S rRNA geneAdfinomadura hibisca JCM 9627
(AF163115) was used as an outgroup. The tree wasrgied using the neighbor-joining method (Clustalersion 1.81 and MEGA
version 4.1) and includes bootstrap percentagesdbars the analysis of 1,000 resampled datasets.

L . . sporulation on most ISP media. Spore chain
similarity with Streptomyces albidoflavus DSM morphology Retinaculiaperti (Figure 6). Utilizes

40458 (£76676) [43]. Fructose, Mannitol, Sucrose, Meso-inositol,
The 16S rRNA gene sequences of isolates 5larapinose, Raffinose.

157 and 194 were submitted to GenBankpigh Caseinase activity. Degrades Tween 80
nucleotide database of NCBI and assigneqraple 5).

KJ934595 respectively. substrate mycelium, white/gray aerial mycelium,
o _ abundant sporulation on most ISP media. Spore
3.4 Description of isolates chain morphology Retinaculiaperti (Figure 6).

The results of phenotypic characterization oftijlizes Xylose, Sucrose, Meso-inositol,
aerobic, Gram-positive actinomycetes showingpegrades Tween 80. Good metabolism of Urea
formation of vegetative and aerial mycelium. (Taple 5).

They however differed in morphological and |sp|ate no. 194 (KJ934595) has yellow/yellow-
biochemical characters (Table 5) which could beolack/cream/beige substrate mycelium,

due to adaptation of isolates to their respectiveyhite/gray/yellow-white  aerial  mycelium,
habitats. abundant sporulation on many ISP media. Spore

Isolate no. 51  (KJ995861)  has chain morphology is Rectiflexibles (Figure 6).
cream/yellow/beige/brown substrate mycelium, ytilizes Fructose, Xylose, Sucrose

white/gray  aerial mycelium, abundant

Monisha Khanna, et al. 444



Isolation and Screening of Cellulolytic Actinomyestfrom Diverse Habitats

Table5: Comparison of morphological and biochemical chanstics of isolates with their respective phyloggnrelatives

4

Characteristics Isolate no 51 Streptomyces I solate no 157 Streptomyces rochel Streptomyces Streptomyces plicatus I solate no 194 Streptomyces albidoflavus
griseochromogenes (NBRC 12908") enissocaesilis (NBRC 13071") (DSM 40455")
( NBRC 13413" (Fukunaga (Kavitha and (NRRL B-16365") | (Pridham et al., 1958 (Rossi Doria 1891)
1955) Vijayalakshmi, 2007) (Gause 1986) Waksman and Henrici
1948)
Color of: Cream (ISP 1, 3) Greyish-yellow-orange brown (ISP Yellow (ISP 1,2,7) Light to dark yellow (ISP | Brown (ISP 3) N.R. Yellow (ISP 1, 2,6) N.R.
Substrate Yellow (ISP 2, 5,7) 2) Beige (3,4,6,) 2) Black greyish brown Yellow-Black (ISP
mycelium Beige (ISP 4) Greyish-yellow-light olive brown/ (ISP 5) 4,7)
Brown (ISP 6) gray greenish yellow (ISP 3,4,5) Cream (ISP 3)
Beige (ISP 5)
Aerial mycelium White (ISP 1,2, 3,4, 5) White (ISP 1, 3,4) Grey-white (ISP 2) Poorly developed Grey (ISP 2) White (ISP 1,2, 3, | White/Grey (ISP 2, 5)
Grey (ISP 7) Grey (ISP 2,3,4,5) Grey (ISP 2,5,6,7) (ISP 3) 5,6) No sporulation observed in an|
No aerial mycelium on ISP 6 Absent or poorly Grey (ISP 4) other ISP media
developed, whitish Yellow-White (ISP
(ISP 5) 7)
Growth Good (ISP 2, 4,5, 7) N.R. Good (ISP 2,3,4,7) Good (ISP 3,4,5,7) N.R. N.R. Good (ISP 2,3) N.R.
Moderate (ISP 3) Moderate (ISP 3,6,7) Moderate (ISP 4,5,7)
Poor (ISP 1,6) Poor (ISP 1,6)
Sporulation Good (ISP 2, 4,5,7) N.R. Good (ISP 2,5,6,7) N.R. N.R. N.R. Good (ISP 2) N.R.
Moderate (ISP 3) Moderate (ISP 1,3,4) Moderate (ISP 4,5,7)
Poor (ISP 1,6) Poor (ISP 1,3,6)
Production of No diffusible pigment on ISP No pigment on ISP 2,3,4,5 No diffusible pigment on No diffusible pigment Brownish, weak N.R. No diffusible No diffisible pigment on any
diffusible pigment 1,2,34,57 Melanoid pigment on ISP 1,6,7 any ISP media (ISP 3) pigment on any ISP ISP media
Brown (ISP 6) No diffusible media
pigment (ISP 5)
Sporechain Retinaculiaperti Spirales to retinaculiaperti Ratinliaperti Spirales Retinaculiaperti Spirales Rlecibles Rectiflexibles
Utilization of:
D-fructose + + - + + + + +
M annitol + + Weak + + + Weak +
Xylose Weak N.R. + + + + + +
Sucrose + + + + . _ T .
M eso-inositol + + + N.R. + + - +
L -arabinose + + + - + - + +
L -rhamnose Weak - + . N T " .
Raffinose + + + + - - + -

Tween + N.R. + N.R. N.R. N.R. + N.R.

Hypoxanthine - N.R. + N.R. N.R. N.R. + N.R.
Urea + N.R. + N.R. N.R. N.R. + N.R.

Caesin + N.R. + - N.R. N.R. + N.R.

Starch + N.R. + + N.R. N.R. + N.R.
Production of Cellulase, Xylanase, Chitinase Cellulase, Xylapase Amylases, Asparaginaseq, Cellulase, Xylanase, | Chitinase, Cellulase, Xylanase, | Cellulase, pectinase, isomerag
extracellular Chitinase Chitinase, Cellulase, Lipase,p-amylase Endoglycosidase H Chitinase

enzymes Nitrate reductase,

Xylanase
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Arabinose, Raffinose but weak utilization of Cell free culture extract was used as a source of
Mannitol. Good Caseinase activity. Degrades crude cellulase enzyme. The amount of glucose
Tween 80. Good metabolism of Urea and (mg) secreted by 50 ml culture broth was
Hypoxanthine (Table 5). Comparison of determined using the glucose standard curve.
taxonomic features of isolates with their clade Cellulase enzyme activity units were

members is shown in Table 5. calculated.
_ _ _ Highest enzyme activity (0.756 U/ml/min) was
Figure 6: Sporei_;h?'?”‘mo_rph(_)'ogy of strains shown byS albidoflavus (NRRL B- 16746)
P P . I '\\?. : followed by enzyme activity of colony 194,
Nl T "r;— It colony 51 and colony 157 ar®l albogriseolus
P T oo R4 (NRRL B-1305) (Table 6).
Rl . .
- 3 :‘Ss TN s — Table 6: Cellulase enzyme activity and protein
et V] Lk . .
ST T content in crude culture extract (in 50 ml volume)
L v AT S ==
e T Q‘E 5 _ | 2 0 G I=
Colony 51: Hooks, loops or spirals with one to two " 1o '§ 52 2 = ’g’ g
turns (Retinaculiaperti) s| & co| BT | BE | g2 S o
z| 2 O E| E 9 o = o 5 c
- c > o £ E c 2 £ E
P "\l 3 g | 8o = | &8 © o~
' a © 2c| 23 |3 |e5 o
el 521357 |8= T
b TS 28 2 £
[ E S i s o G 1. | NRRLB
g ke g .,ﬂg:}__ 16746 | 1:001| 08 | 0.756 1.241 0.89
: ¥ .. 2. | Colony | hg31| 065| 0627 1070 | 0.7
: p _— 194
v 157 He irals with 3. | Colony | 5549| 043 | 0414 0715| 051
Colony 157: Hooks, loops or spirals with one to two 51 . . : . :
turns (Retinaculiaperti) 4. | Colony
— 157 0.431| 0.34| 0.325 0.684 0.49
GVCH " S :
S P Ao 5. | NRRLB
AT g G, =] 1305 0.429| 0.34| 0.324 0632 0.45
3 3 ! 7—‘ - P (control)
S XS A 3.8. Purification of Cellulase enzyme by
o 3;: : ammonium sulphate saturation and dialysis
Fd - s
(T e method
Ve R NE Crude culture extracts were partially purified

Colony 194: Straight to flexuous (Rectiflexibles) by dialysis followed by concentration [45].

3.9 Protein content in partially purified
samples of Cdlulase enzyme

Protein content was determined in the partially
purified protein samples by the earlier
mentioned procedure (Table 7). For enzyme
activity comparison in partially purified extract,
protein contents in all samples were equalized.
4.0 Enzyme assay in partially purified

3.5 Secondary screening for enzyme activity

by submerged fer mentation process

Due to appreciable cellulase activity observed
in S albidoflavus (NRRL B-16746), isolates
194, 51 and 157 these cultures along with the
control were selected for subsequent secondary
screening. Standard inoculum having an
average viable count of 1@o 10 CFU’s/ml
was transferred to production medium. samples (25 ml after dialysis, 1 ml after
3.6 Protein content in crude culture broth (in concentration)

50 ml volume)

Protein content in crude culture extract was
calculated using BSA standard curve (Table 6).
3.7 Cedllulase activity in crude culture broth

(in 50 ml volume)

Cellulase enzyme activity was found maximum
in NRRL B-16746 (1.165 U/ml/min) followed
by colony 194 (KJ934595) (0.995 U/ml/min),
colony 51 (KJ995861) (0.536 U/ml/min),
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colony 157 (KJ934594) (0.515 U/ml/min) and
NRRL B-1305 (0.414 U/ml/min) in 1 ml of
concentrated samples (Table 8, Graph 2).
During primary screening NRRL B-1674&. (

Graph 2: Comparison of cellulase enzyme activity
of crude culture extracts and partially purified
samples

Monisha Khanna, et al.

. . 14 A
albidoflavus) showed maximum zone of o " Enayme sty in
. = 1.2 A
clearance followed by colonies 194, 51 and % extract
157. The results of primary screening were 3 ' +Enzmr—’actinidein
. . . partially purifie
confirmed during secondary screening. The £ °8 1 samples
enzyme activity was found maximum in NRRL ~ § 06 -
()
B-16746 followed by colony 194, colony 51, £ o4 -
. N
colony 157 and NRRL B-1305 both in case of 5 0.2 -
crude extract as well in partially purified o , , , , ,
extract of samples (Table 9). NRRLB Colony Colony 51 Coloy 157 NRRLB
16746 194 . 1305
Strains
Table 7: Protein content and cellulase enzyme
activity  in partially purified protein samplem (1 _
ml of concentrated volume) _ ~ | Enzyme activity in
= e g = g = Enzyme activity in partially purified
Lo 2 c ==l o = =
5 s SE 5 s | 3 - SN Cultures crude culture samples
2 = °g g c = 8 ‘g £ o] extracts (U/ml/min) | (U/ml/min) (in 1
2 E 53 TED S'% ] E o § (in 50 ml volume) | ml of concentrated
% 3 S |c2f| ¢:& g 2| EE volume)
© g |25 | g8 | € | 5| R3S
2 £% S53 2 g | ¥ 1. | NRRLB 16746 0.756 1.165
o [} [} L
< = o £ o
1. NI%%GB 0792 | 1.08| o059| 1543 1p116 2. Colony 194 0.627 0.995
Colon 1.0 | 0.995
2. 194y 0756 | 0.9 056 131§ 7, 3. Colony 51 0.414 0.536
NRRLB o0g | 083
3. | 12377 | 0721 | 067| 055| 110 ¢ 4. Colony 157 0.325 0.515
(control)
4, C%'g”y 0710 | 060| 052| 0.71 05'5 0.536 5 | NRRLB1305 0.324 0.484
L (control)
5. | Colony | 0704 | 052 051 | 0682 050515
157 4 Table 9: Comparison of zone size and enzyme
6. | NRRLB | 0.700 | 051| 051 | 0641 0%0.484 e
1305 5 activity of cultures
(control)
[I'V] DISCUSSION
Table 8: Comparison of cellulase enzyme activit . .
of crude culturrJe extracts and partiall ’ urified ’ Actinomycetes are well known for production
samples P yp of extra cellular enzymes [16, 31, 40, 47, 48].
In the present study, actinomycetes were
SNo | Cultures | Clear Enzyme Enzyme screened for production of extra cellular
zone activity in activity in .
diameter | crude culture | partially Cellulase (Table 1). Actinomycetes have been
(mm) extract purified isolated by researchers from various ecological
(U/ml/min) (in samples . t f identifvi lul
50 mivolume | (U/mi/min) envwonmen s' or identifying cellulase
) (in1ml producing actinomycetes [7, 28].
Conclen“a;te‘j During primary screening, a total of 80-90%
volume . .o
NRRLE isolates showed cellulase activity (Table 3).
1. 33 0.756 1.165 :
16746 Mohanta, 2014 [28] found 18% isolates as
2. | Colony 194 31 0.627 0.995 cellulase producing organism.
3. Colony 51 26 0.414 0.536 . :
4. | Colony 157 8 0325 0515 Based on the results of primary screening,
NRRLB isolate nos. 51, 157, 194S albidoflavus
5 (cii?rzn e 0324 0.484 (NRRL B-16746) along with Streptomyces

albogriseolus (NRRL B-1305, control) (Table
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4, Graph 1, Figure 2) were selected for habitats NRRLB 16746S. albidoflavus) along
secondary or quantitative analyses. Nayaka & with the positive control NRRLB 130%S
Vidyasagar, 2012 [31], tested 57 thermotolerant albogriseolus) were selected for secondary
actinomycetes isolates from different habitats screening Isolates wermorphologically and
for production of different enzymes, and found biochemically characterizedThe 16S rRNA
isolate no. VSAC 1-57 produced zone of gene sequencing and phylogenetic analyses
clearance in the range of 19-52mm. showed that isolates 51 (KJ995861), 157
Protein content and enzyme activity (U/ml/min) (KJ934594) and 194 (KJ934595) belong to the
in 50 ml crude extracts was determined. genus Sreptomyces. Enzyme activity and
Enzyme assay was done by dinitrosalicyclic protein content in crude culture extract was
acid (DNS) method (Table 6). Golinska and determined. The cell free extract was also
Dahm, 2011 [14] estimated cellulase activity in subjected to partial purification, followed by
different Sreptomyces sp. and found enzyme  determination of enzyme activity and protein
activity in the range of 0.011-0.1539 units/ml. content Maximum enzyme activity was found
FPase and CMCase activity was determined by in NRRL B-16746 followed by colony 194,
Mohanta 2014 [28] in nine actinomycete colony 51, colony 157 and NRRL B- 1305.
isolates from Bhitarkanika National Park, Further work needs to be done for purification
Odisha. Cellulase activity using whatman filter of cellulase enzyme by column
paper as the substrate ranges from 0.266- 0.734chromatography, determining the enzyme
U/ml and in case of CMCase it ranges from activity and protein content in purified culture
0.501-1.381 U/ml. extracts followed by protein profiling on SDS-
The crude supernatant was subjected to partial PAGE.

purification by ammonium sulphate saturation

and dialysis followed by concentration. Amore [V] ACKNOWLEDGEMENT

et al., 2012 [1] precipitated secreted proteins The author PD acknowledges UGC (University
from Sreptomyces spp using ammonium  Grants Commission), Government of India, for
sulphate. Partially purified protein samples granting the financial assistance for research
were used for estimation of protein content and work. Infrastructural facilities provided by
for assay of enzyme activity (Table 7, 8, Graph Acharya Narendra Dev College are gratefully
2). Yassein et al., 2014 [52], purified enzyme acknowledged.
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