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Bio-active marine organism Streptomyces.fradiae is studied for its various
physicochemical parameters by adopting methods like Gram’s staining, Acid fast staining,
Motility test, Endospore staining, Indole production, Methyl Red and Voges-Proskauer
(MR-VP) test, citrate utilization, Urease production, Carbohydrate fermentation, Triple
sugar iron (TSI) test, Oxidase test, Catalase test, Nitrate reduction test , Melanin
production, Xanthine/hypoxanthine/esculin/arbutin hydrolysis,Gelatin/casein/cellulose/
starch/tween20/tween 80 hydrolysis, Chitin/pectin hydrolysis,Haemoglobin hydrolysis.
These studies prove that marine S.fradiae showed both positive and negative results for

the above physiochemical studies.
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Actinomycetes are known to produce
bioactive substances, especially antibiotics that
are effective against phytopathogenic fungi?. Bio-
control with beneficial bacteriais one promising
alternative to fungicides'®. Hydrolases such as
chitinase contribute to degradation of fungal cell
walls?. Chitin is the second most abundant
polysaccharide in nature and a major component
of fungal walls, insect exoskeletons and
crustacean shells. Chitinase secreted by aBCA is
likely to be effective against pathogenic fungi, the
cell walls of which are mainly Chitin. Several
species have been isolated and screened from the
soil in the past decades. Marine actinomycetes
are efficient producers of new secondary
metabolites that show a range of biological
activities including antibacterial, antifungal,
anticancer, and insecticidal and enzymeinhibition.
Bioactive compounds from marine actinomycetes
possessdistinct chemical structuresthat may form
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the basis for synthesis if new drugs that could be
used to combat resistant pathogens.[8]To
investigate important characteristics of bioactive
organisms like Streptomyces.fradiae, many
beneficial results may be obtained®. Hence
physiochemical studies are conducted.

MATERIALSANDMETHODS

Various physiological and biochemical
testswere carried out according to the methods of
Shirling and Gottlieb (1966)7, methods outlined in
the Bergey’s Manual of Systematic Bacteriology®
and inthe Laboratory Manual for Identification of
Actinomycetes IMTECH, 1998).
Gram’sstaining

Solution A

Crystal violet 2.0g
Ethanol 200ml
Solution B

Ammonium oxaate 0.8g
Digtilled water 80.0ml
Gram'siodine

lodine 1.0g

Potassiumiodide 2.0g
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Didtilled water 50.0ml
Safranine

Safranine 0.25¢g
Ethanol 50.0ml
Didtilled water 100.0ml

Toaclean glassslide, athin smear of Sfradiae
was made, air-dried and heat fixed. The slidewas
flooded with crystal violet for a min and rinsed
with tap water. Then Gram iodine solution was
added, kept for amin and the slidewas rinsed with
tap water. The smear was decolorized with Gram
decolorizer and immediately rinsed with tap water.
The dlide was then flooded with safranine for a
min thin rinsed with tap water, blot dried and
observed under alight microscope.

Acid fast staining

A uniform thin smear of Sfradiae was
prepared on aclean slide, air-dried and heat fixed.
The slide was flooded with concentrated
carbolfuchsin and steamed at intervals to prevent
the stain fromdrying. It was continued for 3-5min
by constantly adding the stain. Then the slide was
washed with water and decolorized with 1%
sulphuric acid. The slide was again washed with
water and flooded with methylene blue counter
stainfor 2 min. Thesidewasthenrinsed in water,
blot dried and observed under alight microscope.
Motility test

The hanging drop method was used to
examinethe motility of Sfradiae. The cover glass
and cavity dideweredipped in alcohol and cleaned
properly. At the four corner of cover slip, athin
film of Vaseline was placed and a loopful of log
phase culture of Sfradiaewas placed inthe centre
of cover dlip. The cavity slide was inverted and
placed over the cover slip and pressed so that the
Vaseline adhered to the slide. The slide was
carefully turned upside down so that the drop
hangsin the cavity and motility of theisolate was
observed using alight microscope.
Endosporestaining
Sporulation medium

Peptone 509
Beef extract 10.0g
MnSO, 0.005¢g
Agar 20.0g
Seawater 1000.0ml
pH 70
Malachitegreen reagent

Malachite green 509

Didtilled water 100.0ml
Safraninesolution

Safranine 0.25¢g
Ethanol 100ml
Didtilled water 100.0ml

S.fradiae was grown on the above
sporulation medium for 7 days. Then aloopful of
the sporulated culture wastaken, auniform smear
was prepared on a clean slide and heat fixed. The
dlidewasflooded with malachite green reagent and
steamed intermittently for 5 min. Thedidewasthen
washed under running tap water, counter stained
with safranine and observed under a light

microscope.

Indoleproduction

Indolebroth

Peptone 20.0g
Sodium chloride 509
Seawater 1000.0ml
pH 70
Kovac's reagent

p-dimethlyaminobenzal dehyde 509
Isoamyl alcohol 75.0ml
Con.HCl 250ml

A loopful of Sfradiae culture was used
toinoculate theindole broth and incubated at room
temperature for 7 days. The production of indole
derivatives by Sfradiae was determined by the
addition of Kovac's reagent. The formation of a
red colored ring in the inoculated indole broth
tubes indicated a positive reaction
Methyl Red and Voges-Proskauer (M R-VP) test
MR-VPmedium

Peptone 7.09
Dextrose 509
K,HPO, 509
Seawater 1000.0mi
pH 70
Methyl Red reagent

Methyl red 1.0g
Ethanol 300.0ml
Distilled water 2000ml
VogesProskauer (V Ptest)

BarritsA reagent

a-naphthol 5.09
Ethanol 95.0ml
BarritsB reagent

KOH 40.09g
Crestine 0.3g
Distilled water 100.0ml
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Sfradiae wasinoculated in the
tube containing 5 ml of MR-VP medium and
incubated for 7 days at room temperature. The
volume of culture in the tube was divided equally
between 2 tubes. To one of the tubes, few drops of
methyl red reagent was added and to the other,
BarritsA and Barrits B (for VP) were added inthe
ratio of 6:1 The appearance of red color is due to
the addition of MR reagent was apositivereaction
and indicated the production of acidsby Sfradiae.
Development of Crimson’sred to ruby pink isdue
to the addition of VP reagent indicated a positive
reaction for VPtest.

Citrateutilization

Simmonscitrateagar

NH,HPO, 109
K,HPO, 109
NaCl 509
MgSO,. 7H,0 0.2g
Bromothymol blue 0.08¢g
Sodium citrate 209
Agar 18.09g
Seawater 1000.0ml
pH 6.3

S.fradiae was streaked on Simmon’s
citrate agar in slants, incubated at room
temperature for 48 h and the change in medium
colour was observed. The color change from green
to Persian blueindicated the ability of Sfradiaeto
utilize the citrate as carbon source.
Ureaseproduction
Christensen’sureaagar

Peptone 109
Glucose 1.0g
NaCl 509
K,HPO, 209
Phenol red 0.12g
Agar 18.09g
Seawater 1000.0ml
pH 6.3

The production of urease by Sfradiae
on Christensen’s urea agar medium was tested.
Ureasolution of 40% was prepared in distilled water
and sterilized. About 5.0 ml of the aliquot of urea
solution was added to 100 ml of molten medium
and poured into test tubes. Sfradiae culture was
streaked on to slants, incubated at room
temperature for 48 h and the changes in medium
colour were observed. The change of medium color
from orange to deep pink indicated the production

of urease.

Carbohydratefermentation

Peptone water

Peptone 100
NaCl 100
Phenol red 0.08
Seawater 1000.0
pH 72

Durham'’ stubeswere carefully introduced
into test tubes containing 5 ml of peptone water
and sterilized at 121°C for 20 min at 15 psi. To
peptone water, filter sterilized 1% carbohydrate
solutionsviz., glucose, maltose, sucrose, glycerol,
lactose, sorbitol, galactose, fructose, mannitol, and
starch were added separately. The tubes were
inoculated with Sfradiae, incubated for 96 h at
room temperature and observed for bubble
formation. The presence of air bubble within the
inverted Durham’s tube indicated the gas
production by S.fradiae and change in colour of
the medium from red to yellow indicated acid
production.

Triplesugar iron (TSl) test

The TSI agar (Himedia, Mumbai, India)
was prepared as per the instructions of the
manufacturer and sterilized by autoclaving at 121°C
for20minat 15 psi. Sfradiaewasinoculated inthe
TSI slants by stabbing the butt and streaking in
the slants. The tubes were incubated at room
temperaturefor 5 daysand examined for acid, gas
and H,S production. Acid butt, alkaline slant
(yellow butt, red slant) indicated the glucose
fermentation. Alkaline butt, acid slant (red buitt,
yellow slant) indicated that no fermentation
occurred. Acid butt, acid slant (yellow buitt, yellow
slant) indicated lactose or sucrose fermentation.
Blackening of the butt indicated H,S production
and appearance of bubble in the butt indicated
gas production.

Oxidasetest

A loopfull of Sfradiae culturewas rubbed
over the oxidase disc (Himedia, Mumbai, India)
with the help of aclean glassrod. Then the color
change in the oxidase disc were observed. The
color change to blue or purple of the oxidase disc
within 5-10 sec indicated the production of oxidase.
Catalasetest

A loop full S.fradiae culture was
transferred from agar plate to a clean glass slide.
Immediately adrop of 3% hydrogen peroxidewas
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added onto the culture and rapid evolution of air
bubbles were observed which indicated the
production of catalase by the organism.
Nitratereduction test

Tryptonenitratebroth

Tryptone 20.09g
Dextrose 109
KNO, 109
Agar 109
Seawater 1000.0m
pH 72
Solution A

Sulphanilic acid 0.008g
5N Aceticacid 100ml
Solution B

a-naphthylamine 0.005¢g
5N Aceticacid 100ml

Sfradiae was grown in tryptone nitrate
broth for 5 days, to which, 0.5 ml of sulphanilic
acid and a-naphthylamine reagent were added and
the devel opment of red color was observed which
indicated the ability of organism to reduce the
nitrate.

Melanin production
Nutrient agar
Tyrosine

100.0ml
059

The above medium was prepared and
poured into Petriplates. A loopful of Sfradiae
culture was streaked on the surface of medium and
incubated at room temperature. After 14 days, the
plates were observed for production of brown
colored melanin.
Xanthine/hypoxanthine/esculin/arbutin
hydrolysis
Nutrient agar 100.0ml
Xanthine/ hypoxanthine/esculin/ arbutin -~ 0.5¢g

The above medium was poured into
Petriplates, a loopful of Sfradiae culture was
streaked on the surface of medium and incubated
at roomtemperature. After 14 days, the plateswere
observed for hydrolysis of different substrates.
Gelatin/casein/cellulose/star ch/tween20/tween

80 hydrolysis

Peptone 10.0g
Beef extract 10.0g
NaCl 5.09
Gelatin/ casein/ cellulose/ starch/

tween20/ tween 80 10.0g
Agar 18.0g
Seawater 1000.0m

pH 70

The above medium was poured into
Petriplates, a loopful of Sfradiae culture was
streaked and incubated for 7 days at room
temperature. The indicator solutions and the
description were mentioned earlier for gelatin/
casein/cellulose/starch/tween20/tween 80

hydrolysis.

Chitin/pectin hydrolysis

Peptone 10.0g
Beef extract 10.0g
NaCl 509
Colloidal chitin/ pectin 30.0g
Agar 18.09g
Seawater 1000.0ml
pH 70

A loopful of Sfradiaewasstreaked onto
the medium and incubated for 7 days at room
temperature. The plate was flooded with methyl
red (0.5%) solution for 3-5 min and observed. The
clear zone around the colony against reddish white
background indicated the hydrolysis of chitin/

pectin.

Haemoglobin hydrolysis

Peptone 10.0g
Beef extract 10.0g
NaCl 509
Blood 50ml
Agar 18.09g
Seawater 1000.0ml
pH 70

A loopful of Sfradiaewasstreaked onto
the above medium and incubated for 5 days at
room temperature. The clear zone formed around
the colony confirmed the haemolysis.

SrRNA sequencing
Genomic DNA isolation and PCR analysis

Genomic DNA was extracted from
overnight grown cultures of the selected bacterial
isolates using QIAGEN DNA isolation kit
[5]suspended in 100ul of elution buffer (10mM/L
Tris-HCI, pH 8.5) and quantified by measuring OD
at 260nm. PCR amplification was performed using
a 20pul reaction mixture containing 100ng of
template DNA, 20umol of 16SrRNA primers, 200uM
of dNTPs, 1.5mM of MgCl,, 1U of TagDNA
polymerase (MBI Fermentas) and 2uL of 10x
Tagpolymerase buffer. The sequencesof 16SrRNA
primers used were asfollows.
FP5-AGAGTTTGATCCTGGCTCAG-3
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RP5' -ACGGCTACCTTGTTACGACTT-3
Amplification was carried out with an
initial denaturation at 95°C for 5minfollowed by 35
cyclesof denaturation at 94°C for 45sec, annealing
at 56°C for 45sec, extension at 72°C for Imin and
final extension at 72°C for 5min using a thermo
cycler .PCR productswere analyzed on 1% agarose
gel for 16S rRNAamplicons in 1x TBE buffer at
100v.
Cloning and sequenceanalysisof PCR products
The 16S rRNA amplified fragments were
purified usingthe QIA quick gel extractionkit (Qiagen,
Valencia, CA) from the agarose gel and sequenced
using automated DNA sequencer (Model 3100,
Applied Bio systems, USA). The sequences were
analyzed using the Basic Local Alignment Search
Tool (BLAST) software (http:/Avww.nchi.nim.nih.gov/
blast) against the 16S ribosoma RNA sequence
database and submitted in GenBank.

Phylogenetic analysis

The sequences of these 16SrRNA genes
were compared against the sequences available
from GenBank using the BLASTN program and
were aligned using CLUSTAL W software.
Distances were calculated according to Kimura's
two-parameter correction. Phylogenetic treeswere
constructed using the neighbor-joining method.
Bootstrap analysis was done based on 1000
replications. The MEGADS package [5] was used
for all analyses.

RESULTSAND DISCUSSION

Results of the various physiological and
biochemical tests carried out as outlined in the
Bergey’'sManual of Systematic Bacteriology® and
the Laboratory Manual for Identification of

Table 1. Physiochemical characteristics of S. fradiae

SNo Physiochemical test Result
1 Gram’sreaction +
2. Motility

3. Acid- fast -
4. Endospore -
5. Aerial mycelium +(pink)
6. Substrate mycelium +(Brown)
7. Melanin production +
8. Diffusible pigment -

9. Spores Chain and cail
10. Indole -
11. Methyl Red(MR) -
12. Vogesproskauer(VP) -
13. Nitrate Reduction +
14. Triple sugar Iron(TSI) H_S, Gas, Alkaline butt, AlkalinSlant
15. Uresse +
16. Catalase +
17. Oxidase +
18. Gelatinliquefaction +
19. Citrate -
20. Blood hydrolysis +
21. Tyrosine +
22. Xanthine -
23. Hyphoxanthine +
24. Esculin -
25. Arubtin -
26. Tween 20/80 +
27. Phenol (1.5%) -
28. Crystal violet (0.05%) -
29. Sodium azide (0.001%) -
30. Lysozyme (0.005%) ND
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Actinomycetes (IMTECH, 1998) are presented here
under. The marine Sfradiae P-311 is a Gram
positive, non-acid fast, non-motile and non-
endospore-forming organism. Results of
biochemical tests showed positive reaction for
nitrate reduction, urease, H,S, TSI (alkaline butt
and akaline slant with gas formation), oxidase,
catalase, blood hydrolysis, hypoxanthine, tween
20/80 and melanin pigmentation on tyrosine agar.
Sfradiae P-311leffectively liquefied the gelatin.
However, it showed negative reactionsfor indole,
MR, VPand citrate (Table. 1).

Moreover, theisolate marine Sfradiae P-
311 grew well between 25 and 37°C at pH range of
7.0 - 9.0. It is tolerant to NaCl up to 14%
concentration and is sensitive to phenol (1.5%),
crystal violet (0.05%) and sodium azide (0.001%).
However, its growth was not determined in
lysozyme at 0.005% concentration (Table. 1).
16SrRNA sequence:

The 16S rRNA sequence of Sfradiae P-
311 was generated for atotal of 1384 nucleotide
base pairsand submitted to the GenBank database.
This sequence was compared with 7 different
reference species of Streptomyces and 2 different

speciesof Pseudomonas availablein the GenBank
database. The Sfradiae P-311 showed closest
match of 99% similarity with Sfradiae NR043485.
The phylogenetic tree constructed by neighbor
joining analysisispresented in Fig.1
Streptomyces fradiae

TGCAAGTCGAACGATGAACCCGCTTCGGTG
GGGGATTAGTGGCGAACGGGTGAGTAACAC
GTGGGCAATCTGCCCTGCACTCTGGGA
CAAGCCCTGGAAACGGGGTCTAATACCGGAT
ACGACCACTTCAGGCATCTGATGGTGGTG
GAAAGCTCCGGCGGTGCAGGATGAGCCCGC
GGCCTATCAGCTAGTTGGTGA GGTAACGG
CTCACCAAGGCGACGACGGG TAGCCGGC
CTGAGAGGGCGACCG GCCACACTGGG
ACTGAGACACGG CCCCGTAGGC GGCTT
GTCACGTCGGTTGTGAAAG CCCGGGGCTTA
ACCCCGGGTCTGCAGTCACGC CGTAAAC
GTTGGGAACTAGGTG TGGGCGACATTCCA
CGACGTC CGTGCCG CAGCT AACGCAT
TAAGTTCCCCGCCTGG GGAGTA CGGCCGCA
AGGCTAAAACTCAAAGGAATTGACGGGGGC
CCGCACAAGCGGCGGAGCATGTGG
CTTAATTCGACGCAACG

5y MR CA3E40 S lieplomyces var abils
J'E MR 041152 Stiepiomyces kabedse
M MR (42280 Streptomyces grisesncamatus

MR 041068 Bdreptormyces grseonbers

> |: HR 3358 Streplonyces althiolicus
= MR 1088 Steplomyoes malensis

HR 0411045 Streptormyces malachitofuscus

L1

MR 043361 Streprnmyees aolis
MR 043745 Streptonmvtes triftlerans

43]: HR G256T1 Sleplomyces lendae
* HR (42308 Sheplomwees volaceorubiius

147 MR 041188 Streptomyres ubrognseus
ﬁE MR C2T2E) Streproryes vakaceolatus
* MR 025250 Srepiormyces humilens

| MR 026071 Strephormyees themaocarbagd ..

| S—
a2

2l MR (41408 Strepromynes glomerahs

I_ BIrepionmynes adian
w MR 042485 Bireptoryces fradan

Fig. 1. Phylogenetic tree
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