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ABSTRACT

A novel streptomycetes, designated strain was isolated from various soil
types near Ahmedabad and Anand city, Gujarat, India. Pretreatment of
wet heating for 4 h at 70°C and phenol treatment of soil suspension were
the most effective method for isolation. Strain produced a branched
substrate mycelium and aerial hyphae that devel oped into short, compact,
spiral spore chainswith grey rugose sporesat thetips of the aerial hyphae.
Bennet’s agar was found the most suitable medium for the recovery of
rare Sreptomyces. Their morphological characteristics were determined
through electron microscopy. Sreptomyceswere cultivated on solid media
containing indicator compounds used were tannic acid, Guaiacol, o-
anisidine and p- anisidine for Laccase producing Streptomyces also
showing positive Bavendamm’s reaction. Results of morphological and
biochemical characteristics and the 16S rRNA gene partial sequences
indicated this strain bel onged to the genus Streptomyces. The strain formed
amonophyletic linein a phylogenetic tree of 16S rRNA gene sequences
with other Streptomyces reference strains. Growth curve analysis by dry
mass method was studied.. Growth condition was optimized using an
agro waste such as rice bran and wheat bran by solid state fermentation.
Enzyme assay was carried out using ABTS.
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INTRODUCTION

Actinomycetesarewidely distributed in naturd and
man-made environments, and play animportantrolein
the degradation of organic matter. They arealsowell
known as arich source of antibiotics and bioactive
molecules, and are of considerableimportanceinin-
dustry. When conventional isolation techniqueswere
applied, most of theisol atesrecovered havebeeniden-
tified as genus Sreptomyces, which arethe dominant

actinomycetesin soil. Several factorsmust beconsid-
ered for the purpose of screening such as choice of
screening source, pretreatment, selectivemedium, cul-
ture condition, and recognition of candidate colonies
onaprimary isolation plate. Sreptomycesare gram-
positive mycelium-forming, soil bacteriathat play an
important rolein mineraization processesin natureand
are abundant producers of secondary metabolites.
Sreptomyces species produce spores from aerial fila-
ments call ed sporophoreswhich rise abovethe colony
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and form sporescalled conidia by simple cross-wall
divisonsof thefilament. Much of the earthy smell of
soilsarisesfrom chemicals called geosmin given by
Sreptomyces species. Streptomycetes are metaboli-
cally diverseand can “eat” almost anything, including
sugars, alcohols, amino acids, organic acids, and as
agentsfor bioremediation. The aerial spores of most
actinomycetes generawerefound to resist desiccation
and show adlightly higher resistanceto wet or dry heat
than the corresponded subsequently; employing pre-
treatments of soil by drying and heating stimulated the
isolation of rareactinomycetes. An dternative gpproach
wasto maketheisolation procedure more selective by
adding chemica ssuch asphenal tothe soil suspension.
Microbesthat produce laccases have been screened
for either on solid mediacontaining col oured indi cator
compoundsthat enablethevisual detection of laccase
production or withliquid cultivationsmonitored with
enzymeactivity measurements Aslaccasesoxidizevari-
oustypesof substrates, severa different compounds
have been used asindicatorsfor |laccase production.
Several methodslike use of screening reagentssuch as
tannic acid and gdllic acid!® have nowadaysmostly been
replaced with synthetic phenolic reagents, suchasguai-
acol. With Guaiacol, O- anisidineand p- anisidinea
positivereaction isindicated by theformation of ared-
dish-brown halo 24, ABTS [2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid)] givesagreen
colour zone around the colony indicate presence of
lignolytic enzyme. Whilewith tannic acid the positive
reaction isadark-brown coloured zone!. Inthis study,
laccase-producing Sreptomyces specieswereisolated
fromvarioussoil samplesus ng different indicator com-
poundsin agar plates. In addition, the production of
laccase by the poditive strainswasmonitored in liquid
cultures. Thelaccasesthat were producedin significant
amountswerepreiminarily characterized. Solid-state
(substrate) fermentation (SSF) hasbeen defined asthe
fermentation processoccurringin the absenceor near-
absence of free water. SSF processes generally em-
ploy anatural raw materid ascarbon and energy source.
SSF candso employ aninert materia assolid matrix,
which requires supplementing anutrient solution con-
taining necessary nutrientsaswell asacarbon source.
Solid substrate (matrix), however, must contain enough
moi sture. Depending upon the nature of the substrate,
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theamount of water absorbed could beoneor severa
timesmorethanitsdry weight, which leadsrel atively
highwater activity onthe solid/gasinterfacein order to
alow higher rate of biochemical process. Low diffu-
sion of nutrients and metabolitestakes placein lower
water activity conditionswhereas compaction of sub-
strate occursat higher water activity. Hence, mainte-
nanceof adequatemoisturelevd inthesolid matrix dong
with suitablewater activity isessentid e ementsfor SSF
Processes.

EXPERIMENTAL

Chemicals

2,2-Azino-bis (3ethylbenzthi ozoline-6-sul phonic
acid) (ABTS) was purchased from Sigma (St. Louis
M.O., U.SA.). Yeast Malt agar, Casein enzyme hy-
drolysate, Yeast extract powder, sodium chloride, dex-
trose, Guiacol and actinomyceteisolation agar werepro-
cured fromHi-Media(Mumbai, Indig). O-anisdineand
p-anisidinewere procured from CDH (Mumbai, In-
dia). Tannic acid was procured from Merck
(Whitehouse Station, NJ, USA). All other chemicals
were of analytical grade procured from Qualigens
(Mumbai, India). Guaiacol was added to the media
beforeautoclaving, o- anisidineand p- anisidine after
autoclaving assterile-filtered acetone solutions. Tannic
acid wasautoclaved separately before addition to the
media. ABTSwasadded after autoclaving as sterile-
filtered water solutions.

Samplecollection and pretr eatment of soil

Sreptomyceswereisolated from 20 soil samples
collected ingterileflask, from different regionincluding
reserved forest near “Thol bird” century, garden area
near Ahmedabad city, and from agriculturesoil inAnand
in two seasons, autumn and winter in 2008-09 and
2009-10 at Guijarat, India, respectively. All samples
were collected from the depth of 6 to 8 cm and then
cultivated on Bennet’s agar (g/1000 ml) containing
casein hydrolysate, 5; with added glucose, 10 ; and
NaCl, 2;. Yeast extract, 2 ; isused asnitrogen source
and agar,3 %. Thismedium wassupplementedinitialy
with 0.0001 g/1000 ml streptomycin and neomycin
antibioticsrespectively. Soil sampleswereair dried for
three daysunder room temperature and sieved to get
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rid of large particles, and suspensionswere prepared
by heating 1g of soil in 10 ml distilled water or saline
solution of soil at 70° C for 4 hto reduce the propor-
tion of other bacteria Thesampleswereseridly diluted
upto 10-3gof soil per ml of salinesolution. Aseptically,
0.1 ml of each dilution was spreaded on Bennet’s me-
dium containing streptomycin (0.0001g/1000 ml).
Streptomycin wasadded in the medium to prevent the
other bacterial contamination, and not added further in
screening medium. Further sub culturing wasdoneon
Bennet’s medium without adding antibiotic. Five differ-
ent pretreatment methods as described in TABLE 1
were carried out inthefirst 24 h after sampling. The
plateswereincubated at 30° C for 1 week and isolates
that show tough lathery col ony were sel ected and puri-
fied by stresk plate method and then subjected to Gram
gtaining and obsarveunder anoil immersion microscope.
The Gram positiveisolateswerethen maintained as5
% glycerol stock solution. ThepH of themediumwas
adjustedto 7.2t0 7.5. Bennet’s medium was sterilized
at 121°C and 15 bs pressurefor 30 min. After 1 week
incubation the coloniesresembling Sreptomyceteswere
isolated. Theidentification was based on an appear-
ance of hyphae and spore chainsthrough microscopic
examination.

Morphology

Morphologica and cultural characters of the se-
lected Streptomyces strainswere studied by inocul at-
ingthesdlected straininto sterile | SP media. Morpho-
logical propertiessuch ascolony characterigtics, type
of areal hyphae, and growth of vegetative hyphae, pig-
mentation and sporeformation were observed [Figure
1]. A Bennet’s agar (adjusted to pH 7.2) was used for
the sporulation purpose. An actinomycetei sol ation agar
(9/2000 ml) containing Sodium caseinate, 2; L-aspar-
agine, 0.10; Sodium propionate, 4 ;. Dipotassum phos-
phate, 0.50; Magnesium sul phate, 0.10; Ferrous sul-
phate, 0.001 and agar, 3 % was al so employed at pri-
mary screening. Thetaxonomic propertiesof thestrain
weredetermined according to the International Srep-
tomyces Project (ISP). ISPMedium No. 2i.e. Yeast
Malt extract agar containing (¢/1000 ml) Peptic digest
of animal tissue, 5; Yeast extract, 3; Malt extract, 3;
Dextrose, 10 and agar 3 % was used to study the mor-
phology of the spore-bearing aerial hyphaewhichwas

determined by microscopic examination of theculture
surface. Thetextureof strain R1to R20 was studied
and different morphological charactersincluding devel -
opment of mycelia, pigmentation and sporulation stage
studied through dark field and phase contras micros-

copy.
Phenol oxidasereaction test

Totest for Phenol oxidase activity the strainwas
grown on Bavendamm’s medium, containing 0.01 %
tannicacid and 1.5 % malt extract agar sterilized at 15
Ibs pressurefor 30 min. Sreptomyceswereinocul ated
as8 mm plugindiameter cut from the growing edge of
actively growing cultureon Bennet’s medium. The plates
wereincubated at 30° Cindarknessand examinedaily
up to 7 days. Performed the samefor 0.01 % guaiacal,
o- anisidineand p- anisidine. The colour of the agar
medium was used astheindication of Phenol Oxidase
activity which wasfurther to be studied and useful for
L accase production.

Estimation of biomassby dry weight method

Dueto thefilamentous growth analysisof growth
characteristicsby growth curveisdifficult. Inthepresent
study werefer adry weight method in order to investi-
gatethegrowth characteristics of filamentousbacteria
in Bennet’s broth containing solid substrates like wheat
bran and rice bran. Biomasswasdetermined by weigh-
ing thedry myceliaafter growth. Theattached mycelia
were squeezed to remove the medium, washed with
thedistilled water, and dried completely at 60°C. Bio-
masswas ca cul ated by subtracting theinitia weight of
the solid substrate (5 grams) measured for theabiotic
(unioculated contral) fromthefind we ght™*?. Dry weight
method for measurement of biomassin shaking aswell
asin static conditionisstudied. Each flask wasinocu-
lated with four mycdiaagar plugsof 8 mmin diameter,
cut from the edge of an actively growing colony and
kept on rotary shaker incubated under at 30°C. After
24 h of incubation flask 1 isfiltered. Prior toweighing
thecdl sediment, cellsweredried a room temperature
overnight. Repeat the processfor 7 consecutive days.
Sampleswere collected at 24 h each upto 7 days.

Molecular characterization of strain NBRC 12753
and phylogenic classification

NBRC 12753 wasgrown on Bennetsagar plates
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for 5daysat 28°C. Themycdliaat theedge of thecolo-
niesweretaken by sterileloop and resuspended in 200
ul of Tris- EDTA buffer (10mM Tris-HCl and 1 mM
EDTA) inan Eppendorf tube. The mixturewasfrozen
at -70°C and thawed by boiling at 94°C for 10 min.
After 10 min of centrifugation at 8,000 rpm, the DNA
in the supernatant was collected and used asthe DNA
templatefor PCR. A 16Sribosomal DNA sequence of
isolate NBRC 12753 was amplified using universal
primers (27 forward, 926 forward, 685 reverse and
1492 reverse). Sequencing of the PCR-amplified prod-
uct was conducted using primers: 27F (5’ AGA GTT
TGATCCTGG CTCAG 3), 926F (5 AAACTC
AAA GGAATT GAC GG 3), 685R (5’ TCT ACG
CATTTCACCGCTAC3)and 1492R (5°TAC GGY
TACCTT GTTACGACT T 3’) on an automated
AVI- 310 Geneticandyzer (Applied Biosysems, USA).
Theobtained 16SrRNA nucleotide sequence (1392
bp) wasdeposited at the National Center for Biotech-
nology Information (NCBI) Gen Bank database under
accession number JQ086575. Closely related horo-
logeswereidentified by comparingthepartid 16SrRNA
sequence with sequences deposited in the Gen Bank
database by BLAST andysis (Www.nchi.nim.nih.gov).
The 16SrRNA genepartia sequenceof sraainNBRC
12753 (1392 bp) was aligned with other nucleotide
sequences, and the phyl ogenic treewas observed.

Solid substrate utilization for optimization of
growth p-meters

Five grams of substrate were added to a 250 ml
Erlenmeyer flask and was moi stened with asalt solu-
tion containing (¢/2000 ml) yeest extrect, 1; (NH,),SO,
0.2, MgSO, ; 0.2, CaCO,; 0.04 and CuSO, ; 0.002.
Total 11 ml of themoi stening sol ution wasadded tothe
substrate and theinitial moisturelevel inthesubstrate
was adjusted at theratio of 1:3. After sterilization by
autoclavingat 121 °C for 30 min, the medium was cooled
to roomtemperatureandinoculated with4 mycdiaagar
plugs of 8 mm and incubated under static condition at
30 °C for 96 h. The use of cheap and easily available
agroindugtria residuesfor the production of va ueadded
productsisone of the suggested advantages of solid-
state fermentation. Different agro-industrial residues
were screened to identify the suitable substrate for
laccase production in solid-statefermentation. The sub-
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strates used were wheat bran and rice bran. Thefer-
mented material was extracted with 20 ml of Sodium
acetate buffer (pH 5) to get afinal extraction volume of
30ml. Thecontentswere mixed thoroughly by keeping
theflaskson arotary shaker at 200 rpmfor 1 h. After 1
hthe contentsof theflask werefiltered using musclin
cloth. Theenzyme extract obtained after filtration was
then centrifuged at 10,000 rpmfor 20minat 4°C. The
supernatant was collected and used for enzyme assay.

Enzymeassay

Laccase activity (E.C.1.10.3.2) was measured by
monitoring the oxidation of 500uM 2, 2- Azino-bis
(3ethylbenzthiozaoline-6-sulphonicacid) (ABTS). Boost
in absorbancefor 2 min was measured spectrophoto-
metrically (Make:- Wensor, Modd:- WSP-UV 800A)
at 420 nm (e =36000cm-1 M-1). The reaction mixture
contained 100ul of 50mM ABTS and 800ul of 20mM
Sodium Acetate butter (pH-5.0) and 100ul of appro-
priately diluted enzymeexiract. Oneunit of enzymewas
defined asamount of enzymethat oxidized 1uM of sub-
srate per minute (e = 3.6 x 10*M-*cm?) (Niku Paavola
et al.1988)x.

RESULTS& DISCUSSION

Effect of pretreatment

When theforest soilswere cultured without pre-
treatment the number of coloniesrecovered wasinthe
order of other Sreptomyces, Actinomycetesand other
bacteria. When the soil was air dried, other bacteria
number were decreased, and Sreptomyces colonies
wereincreased. All kind of coloniesincluding Srepto-
myces were decreased when the soil wasdried at 100°
Cfor 1 h heating the soil suspensionat 70°Cfor 4 h
inhibited thefungal and bacterid colonies, thusthere-
covery of Sreptomyceswasincreased up to 50 % of
thetotal microorganisms. 1.5 % Phenol treatments of
soil suspensionlowered the number of fungi and other
bacteria, and support the growth of Sreptomycesand
lessfor Actinomycetes.

Effect of mor phology

Theisolated bacteriawas found to be gram posi-
tive. Initiation of sporul ation startsafter 24 h and pig-
mentation was started after 72 h. Complete sporuation
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occured on 6" day of inoculation. From the general
morphological characteristics, two strain R1 and R2
ware sel ected respectively to study further. Phase con-
trast & dark field microscopy (Make:Olympus, Type:
B x 51) upto six consecutive days carreid out and ob-
sarvationrelated tomycdiaformation, pigmentationand
gporulation was noted (Figure 1). Growth properties
and biochemical characteristicsof Sreptomyces spe-
ciesaregivenin TABLE 3. The substrate mycelium
colour varied from grey to dark grey depending onthe
medium composition and the age of the culture. Pure
cultureswere obtai ned from sel ected coloniesfor re-
peated sub culturing. Strain R1 and R2 streaked on
different mediaand day wise growth observed visually
on ISPmedium No.2(Yeast Malt Extract Agar), Acti-
nomycete agar and Bennet’s agar. (TABLE 2) The iso-
lateswere maintained as suspensions of sporesin5 %
glycerol (v/v) at deep freezer. Growth characteristics
and biochemical criteriawerestudied (TABLE 3). Out
of 20 strain 6 strain wereisolated from forest soil, 8
strainswerefound from garden soil and 6 strainswere
found fromagriculturd soil.(TABLE 4).

A S ST

Figure 1 : Phase contrast microscopy (A) and dark field
microscopy (B).

TABLE 1: Recovery of microorganisms(CFU/gdry soil) on
Bennet’sagar from soil.

Rare

Pretreatment Bacteria actinomycetes Streptomyces  Fungi
Control 62x10° 14x10° 11x10° 32x10°
Control + Antibiotic®  1.8x10° 25x10°  18x10° 1.2x10°
Control + Antibiotic®  1.2x10* 18x10°  25x10°
Dry heat 100°C, 1 h 44x10° 36x10°  14x10° 1.1x 10
15% Phenol treatment  1.9x10°  1.7x10°  51x10°
70°Cfor 4 h 17x10* 26x10°  57x10*

Antibiotic®:- Streptomycin (0.0001 g/1000 ml), Antibiotic® :-
Neomycin (0.0001g/1000 ml)

—sw— FyuLL PAPER
TABLE 2: Growth of Sreptomyceson different medium.

Age Color of Age Color of
M edium (days) mycelium (days) mycelium
Strain R1 Strain R1 Strain R2 Strain R2
2 Y dlow; dark cream 2 Yellow
ISP- No. 2 4 White; grey 4 Creamish
6 Creamish -grey 6 Light grey
2 Pale yellow 2 Paleyelow
Adi ”;’g?oa% 4 White 4 Creamish
6 grey 6 Grey
2 Pale yellow 2 Pale yellow
Bennet’s agar 4 White; grey 4 Creamish light grey
6 Dark grey 6 Dark grey

TABLE 3: Growth and biochemical char acteristicsof strain
R1.

Par ameter Description of Strain R1
Gram positive, filamentous

Colony morphology with brown aerial myceli um
and hard substrate mycelium,
with tough leathery texture

Growth temperature 26-32°C

Growth pH 7.2-71.7

Biochemical characteristics Oxidase Positive

TABLE 4: Characterization of the Sreptomycesisolates.

e e, Miebed  mgmataton
SrainR1  Forest soil Smooth, grey Dark brown
Strain R2  Forest soil Smooth, light grey ~ Brown
Strain R3  Garden soil Serrated white Yellow
Strain R4 Agricultural soil  Smooth pink Brown
Strain RS Forest soil Serrated blue Bluish black
SrainR6  Garden soil Smooth grey Bright yellow
Srain R7  Garden soil Smooth bright green  No pigment
Srain R8  Garden soil Smooth, grey Yellow
Strain R9  Garden soil Smooth white Yellow
Strain R10 Garden soil Smooth, grey Cloudy grey
Strain R11 Forest soil Smooth, light grey ~ Dark grey
Strain R12 Agricultural soil  Serrated grey Grey
Strain R13  Forest soil Smooth, grey Bright yellow
Strain R14 Garden soil Smooth, grey No pigment
Strain R15 Agricultural soil  Smooth, grey Light brown
Strain R16 Agricultural soil  Smooth, light grey  Light brown
Strain R17 Agricultural soil  Serrated grey No pigment
Strain R18 Garden sail Smoocth, grey No pigment
Strain R19 Forest soil Smoocth, grey No pigment
Strain R20 Agricultural soil  Serrated, white Bright yellow

s, BioTechnology
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Effect of phenol oxidasereaction test

Dyebased plate assay isthe common method used
for the screening purpose. The degradation of dyeand
theformation of clear zone around the colony on the
agar platescould becorrdated to theability of thestrain
to produce lignin degrading enzyme. Strain R1 pro-
duced astrong brown col our reaction while Strain R2
produces|esseffective colour reaction. Heremost pow-
erful reactionisobserved in plate containing 0.1 % O-
anisidineand 0.1 % p-anisidine. Thecompounds such
as P-anisidine and O- anisidine are further used for
optimization sudy. Theplatesared soincorporated with
ABTSfor confirming further presence of Laccase. Out
of 20 strainsonly 2 strainsarefound better for further
study duetoitscolor reaction. Strain R1 produce most
powerful zoneof color at initial 24 hcompared to oth-
ersand so finally was selected for fermentation and
laccase production in secondary (TABLE 5) screening
studly.

Effect of growth curveby dry weight method

Every organism hasarange of ideal conditionsat
whichmembersof itsspecieswill grow optimdly. Tem-
perature and pH concentration within themediaisof-
ten carefully controlled inindustrial gpplicationsasde-
viationsfrom the optimal conditions often have pro-
found effects onthegrowth rateand activity of theor-
ganism. Thetemperature of the environment directly
affectstheactivity and growth of cells. Thisoptimum
temperature for growth may not be the same as the
temperature at which metabolites are produced most
efficiently. Smilarly totemperature, the hydroniumion
concentration (pH) of the mediainfluencesthegrowth
rate of bacteriaby affecting theactivity of cdlular en-
zymes. To achievethe highest growth rate, current lit-
erature recommends growing Sreptomycesstran R1
(Sreptomyces chartreusis, NCBI accession number:
JQO86575) in both static and shaking conditionin me-
diawith pH maintained is 7.0 and temperatureis 30°
C. The consumption of substrates such assugar isnec-
essay for growth and istherefored so affected by these
p-meters. A graph plotted taking time on X-axisand
weight of dried mycelium on Y-axis. After getting re-
sultsand as per Figure (2,3), strain R1 gives higher
massin shaking conditionwhen compairewithitsstetic
condition.

TABLE 5: Result of plateassay method for ligninolytic en-
zymesproduction using dyes.

I solates no. Guaiacol Tannic acid O- anisidine P- anisidine ABTS
Strain R1
Strain R2 ++ ++
Strain R3
Strain R4
Strain R5
Strain R6
Strain R7
Strain R8
Strain R9
Strain R10
Strain R11
Strain R12
Strain R13
Strain R14 - + +

Strain R15

Strain R16 - - +

Strain R17 - - - +

Strain R18 + - + - +
Strain R19

Strain R20

+++ = within 48 h;++= within 72 h, + =within 96 h; -= No
result found after 96 h

+++ +++ +++ +++ +++

+ +
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+ + +
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16s rRNA partial sequence analysis of strain
NBRC 12753 and itsphylogenetic analysis

Comparison of the 16SrRNA partia sequencesof
strain RLNBRC 12753 (Genbank accession number
JQO086575) with the GenBank database showed this
isolate bel ongsto the Sreptomyces genus Sreptomy-
ceswith>99% certainty. Thestrainissimilar to severd
Sreptomyces strains, such as Sreptomyces matensis
strain NBRC 12889, Sreptomycesgriseorubensgtrain
NBRC 12780 and Sreptomycesvariabilisstrain. The
phylogenetictree derived from neighbor-joining andy-

= FULL PAPER

sisshowed a correlation between the 16S rRNA se-
guence of NBRC 12753 and other Sreptomyces
strainslike Sreptomycesprasinosporusstrain NBRC
13419, Sreptomyces chrsomofuscus strain NBRC
12851, and Sreptomyces cinereospinus strain NBRC
15397 in the NCBI database. It can be divided into
fivemain chainsby the Sreptomyces branches, which
arebacteriain thesamefamily. NBRC 12753 belongs
to chain 5 as Sreptomyces chartreusis, with aclose
relationship. Blast tree (Figure 4) wasformed as per
NCBI blast tool system.

o Streptomices prasinospors strein MERC 13419 165 nbosomal RhA, partial sequence

& @ Streptomyces chromofuscus strain MBRC 12851 165 ribosomal RMA, partial sequencs
> 2 Streptomuces cinerecspinus shain NERC 15397 165 ribosomal RMA, partial sequence
s 4 high GC Gram+| & leaues
= < high GC Gram+| 15 leaves
@ <| high 5C Gram+| 5 leawes
@ < high GC Gram+| 5 leawes
] & streptomypces glomerahus strein MERC 15895 165 Hbosomal
] <] high GC Gram+| 3 leayes
i high GC Gram+| 19 leaves
> | high GC Gram+| 13 leaves
@ | high GC Gram+] 15 leaues
> <« high GC Gram+] 11 leanves

| high GC Gram+ | & leauses
9 . .
B JQ036575.1] Streptomwces charfreusis strain MERC 12753
]
< high GG Gram+] 2 leaes

I 0.005 I

Figure4: Blast treeview.

— . e ey, Lo
Figure6: Scanning electron microscopy of ricebran.
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Figure5: Ricebran after 96 h of SSF.
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Resultsof solid substrateutilization for optimiza-
tion of growth p-meters

Sreptomyces produced branch mycelium and
sporesin characterigticslongitudina pairsinsolid sub-
stratelikericebran (Figure 5) and Wheat bran. Opti-
mization of growth p-metersstudied for devel oping the
methodology of performance for fermentation of
Laccase. Two different agro substrates are used for
growth p-meters optimization as a part of primary
screening. Ricebranisfound moreeffectiveand shows
excellent growth onthird day after inoculation. Whest
bran show dow growth and found less effectivefor the
growth of Sreptomyceschartreusis. Laccase produc-
tion wasassayed using ABT S Scanning el ectron mi-
croscopy was carried out to study thelevel of penetra-
tion of substrate with inoculum. Scanning € ectron mi-
croscopy was carried out at sophisticated instruments
centre (SICART, Anand) using Scanning el ectron mi-
croscope (M ake:- Philips, Netherlands, Modd .- ESEM
EDAX XL- 30). Different magnified anglesare used to
evauatetheleve of penetration of both the substrates
(Figure 6) towardsan inoculum.

CONCLUSION

Twenty Sreptomycetesculturewereisolated in au-
tumn and winter from varieties of soil samples, which
provedtobeanided sourceforisolatinglignin degrad-
ing Sreptomyces. Screening for laccase-producing
microbes on plates contai ning coloured indicatorsre-
sulted inisolation of 20 Sreptomyces strains. Solid
substrate proved to be highly interesting sourcesfor
laccase producers. Thisis presumably because of the
presenceof relatively high concentration of laccase sub-
stratesintheseenvironments. Inview of theresultsob-
tained, it can be concluded that theisolatewas ableto
oxidize phenaolic substratessuch asGuaiacol andABTS.
Comparison of thereactionswith different indicators
showed that the o- anisidine, p- anisdineand Guaiacol
gavevery smilar results, thuseither onecan bechosen
for anindicator in future screening procedures. Reac-
tionswith Guaiacol aso correlated well with reactions
on the polymeric dyes. However, tannic acid deviated
substantially from the polymeric dyes and Guaiacol.
Tannic acidisoneof thetraditional screening reagents

for laccases. Our results suggest, however, that colour
reactionswith synthetic dyesand Guaiacol are more
easlly detectable. Findingsfrom morphologicd,, cultura
and microscopical studiesreveal that theisolated and
investigated strain isdesignated as Sreptomyces spp.
Infutureweareinterested to sca e up the production of
laccase by using variousagro resduesin solid satefer-
mentation and d sotest the ability of thisenzymeto de-
grade the various azo dyes an important enzymefor
variousindustrid goplications. Effect of inducersin sub-
merged fermentation and production of laccase should
be studied for further optimization process. Solid state
fermentation isfound asmore satiablefor themycelia
bacteria. The production of 60 U/g of Laccase from
Sreptomyces chartreus's, using rice bran asthe sub-
strate, isapromising result and it suggeststhat solid
state cultureisaso functiona with actinomycetes. The
filamentous nature of the organism favorsthe growth of
organism onto solid substrate. Rice bran showstwo
foldincreasesin production in compared with wheat
bran duetoitshigh lignolytic compostion.
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