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ABSTRACT

The present study is concentrated on the evaluation of antimutagenic, antimicrobial and plant
growth promotion potential of Streptomyces spp. viz. Streptomyces violascens strain OS-6 and
Streptomyces sp. strain TES-25. The chloroform and ethyl acetate extracts of both the strains were
prepared. In the UHPLC analysis, the extracts revealed the presence of various polyphenolic compounds.
The extracts exhibited potent antimutagenic potential in Ames assay against two tester strains of
Salmonella typhimurium TA98 and TA100 in case of pre incubation mode with metabolic activation. The
extracts showed considerable antibacterial and antifungal activities against the tested bacteria and fungal
phytopathogens respectively. The treatment of wheat seeds with both strains resulted in the enhancement
of growth parameters of wheat such as root length, shoot length, number of plants, fresh weight per plant,
dry weight per plant, fresh weight per tiller, dry weight per tiller, number of tillers per plant and number
of seeds per plant. The present work recommends the use of strains in the pharmaceutical drug
formulations for the treatment of different diseases and as bio-fertilizer for enhancing the growth and
yield of plants.
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INTRODUCTION

Environment is composed of large
number of mutagenic components. These
components are a major cause of several
diseases including cancer. It is beneficial to
explore substances or chemicals which directly
suppress the action of mutagens i.e. desmutagen
or the substances which indirectly inhibit their
action i.e. antimutagen. There are reports of
natural compounds acting as antimutagens.'”
The phytochemicals act as antimutagens by
inactivating the dietary mutagens by method of
binding or adsorption, cease the process of
replication of damaged DNA as they act as
bioantimutagenic agents or desmutagens by
indirectly inactivating the mutagens.>*’ The
strains of actinobacteria produce numerous
bioactive metabolites like antibiotics and
antitumor  compounds.  These  bioactive
metabolites are also able to suppress
mutagenicity. Actinobacteria are defined as
gram positive bacteria belonging to order
Actinomycetales.”  Streptomyces is  their
dominant genus that is the producers of
maximum number of natural products.” About
7600 of the bioactive compounds are
synthesized by Streptomyces. The bioactive
secondary metabolites possess various activities
viz. anti-cancer, antioxidant, antibacterial,
antifungal, anti-malarial, neuritogenic, anti-
inflammatory, anti-algal and anti-helmintic.®’
Streptomyces produce about 80% of the
antibiotics of natural origin. Streptomyces have
proved to be the best source of novel bioactive
compounds to tackle the problem of multidrug
resistance for treating the infectious diseases. In
addition to pharmaceutical industry,
actinobacteria is also useful in agro industry as
antifungal agents, plant growth regulators,
antiparasitic agents, cell wall degrading agents
and insecticidal agents.'™'" They are used as
biocontrol agents by inhibiting the growth of
plant pathogens and aid in plant growth
promotion activity,'>'>'*!>1%
known to exhibit plant growth promoting
potential in bean,18 tomato,19 pea,20 wheat®! and

17 Streptomyces are

rice.”** Streptomyces produce indole-3-acetic
acid®* or siderophores® that are responsible for
enhancing plant growth or suppressing the
growth of fungal pathogens residing in soil and
air.?% 2425 26.27.28.29.30.31 [yt of the species of
Streptomyces are still to be identified for their
different beneficial bioactivities. Therefore, the
objective of this study was to evaluate the
antimutagenic, antimicrobial and plant growth
promoting activities of Streptomyces spp. viz.
Streptomyces violascens strain OS-6 (accession
number: KY522799) and Streptomyces sp.
strain TES-25 (accession number: KY522797)
procured from Department of Microbiology,
Guru Nanak Dev University (India). Starch
Casein Nitrate Agar (SCNA) slants of the
strains were maintained, and they were stored at
-70°C in the form of mycelia fragments and
suspensions of spores in 20% v/v glycerol.

MATERIALS AND METHODS
Antimutagenic Activity

The crude extracts of Streptomyces
violascens strain OS-6 and Streptomyces sp.
strain TES-25 were prepared as described in our
previous paper.”> The antimutagenic potential
of the extracts was analyzed by Salmonella
histidine point mutation assay of Maron and
Ames™ as proposed by Aqil et al. (2008)** with
slight modifications. The Ames test along with
the protocol for S9 mix *were carried on
Salmonella typhimurium TA98 and Salmonella
typhimurium TA100 to analyze the action of
extracts on the direct acting mutagens (4-nitro-
o-phenylenediamine and sodium azide) as well
as indirect acting mutagens (2-Aminofluorene).
The strains were procured from Prof. B.N.
Ames, University of California, Berkeley, USA.
The different concentrations of extracts were
prepared viz.100, 250, 500 and 1000 pg/0.1 ml
DMSO. Sodium azide and NPD act as direct
acting mutagens which results in directly
affecting the genetic material bringing about
structural distortion while 2-AF affects the
DNA in indirect way (Table 1).
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Table 1. Direct and indirect acting mutagens used in the Ames assay

Mutagen Strain Mode of action
4-nitro-o- TA98 TA98/direct acting frameshift
phenylenediamine(NPD) mutagen

Sodium Azide TA100 TA100/direct acting base pair

2-Aminofluorene (2-AF)

TA98 and TA100

substitution mutagen
TA98 and TA100, S9 dependent
mutagen

Spontaneous reversion

The spontaneous reversion frequency
was analyzed by growing revertent colonies of
bacteria spontaneously on minimal agar plates
containing traces of histidine and biotin. In this
method, 100 pl of bacterial culture that was
prepared freshly was added to top agar (2 ml)
containing 0.6% agar, 0.5% sodium chloride,
0.5 mM D-biotin and 0.5 mM L-histidine and
poured on minimal agar plates. The incubation
of the plates was done at 37°C for 48 hours.
After incubation, the colonies (revertent) were
counted.

Negative control

Negative  control is used for
determining the toxicity of extracts. All the non-
toxic concentrations of extracts were mixed
with top agar (2 ml) and 100 pl of bacterial
culture and were spread on minimal agar plates.
In case of indirect acting mutagens, reaction
mixture was also supplemented by the addition
of 500 ul of S9 mix. The plates were kept for
incubation at a temperature of 37°C for 48 hours
before the counting of revertent colonies. In
case of non-toxic extracts, the number of
colonies will be same as in spontaneous
reversion. Table 2 shows the procedure
followed for determining the antimutagenic
potential of extracts.

Positive control

The characteristic pattern of revertent
colonies of both the strains was evaluated by
dissolving the mutagens in their respective
solvents. Bacterial culture (100 ul) was added to
100 pl of mutagen and spread over minimal

agar plates. S9 mix (500 pl) was mixed along
with other ingredients in case of 2-AF (indirect
acting mutagen). After incubating the plates for
48 hours at 37°C, the counting of revertent
colonies was done using PROTOCOL SR
(Symbiosis, U.K.) colony counter.

Co-incubation

The co-incubation was carried out by
mixing 100 pl of bacterial culture with 100 pl
of NPD or sodium azide (direct acting
mutagens). In case of indirect acting mutagens
i.e. 2-Aminofluorene, 500 ul of S9 mix was
mixed into the reaction mixture. This mixture
was spread over minimal agar plates. The plates
were incubated after solidification for 48 hours
at 37°C.  PROTOCOL SR (Symbiosis, U.K.)
colony counter was used for counting the
number of revertent colonies.

Pre-incubation

In pre-incubation mode of
experimentation, the extract (100 pl) was added
to 100 pl of NPD and Sodium azide (direct
acting mutagens) and incubated for 20-30
minutes at 37°C. In case of indirect acting
mutagens, extracts were incubated with 500 pl
of S9 mix. The reaction mixture along with 100
ul of bacterial culture was mixed to 2 ml of top
agar and was spread over minimal agar plates.
The plates were kept for incubation at 37 °C for
48 hours in the upside down position for
inhibiting the occurrence of contamination. The
revertent colonies after incubation were counted
using PROTOCOL SR (Symbiosis, U.K.)
colony counter.
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The mutagenic potential was calculated
by following equation:

Inhibition rate (%) = X~y x100

where,

XZ

x = number of revertents initiated by the action

of mutagen i.e. positive control

y = number of revertents initiated by the action
of mutagen along with the extract i.e. co-
incubation or pre-incubation

z = number of revertents initiated by the action
of extract i.e. negative control

Table 2. Procedure followed for determining the antimutagenic potential of the extracts

Without S9 mix

With S9 mix

Spontaneous
reversion

Positive control

Negative control

Co-incubation

Pre-incubation

Top agar (2 ml)+ Culture (100 pl)

Top agar (2 ml)+ Culture (100 pl)+
NPD/SA (100 pl)

Top agar (2 ml)+ Culture (100 pl)+
different concentrations of extracts
(100 ul)

Top agar (2 ml)+ Culture (100 pl)+
NPD/SA (100 pl)+ different
concentrations of extracts (100 pl)

Top agar (2 ml)+ Culture (100 pl)+
mixture (200 pl= 100 pl of

NPD/SA+ different concentrations of

extracts (100 pl) pre-incubated at
37°C for 30 minutes

Top agar (2 ml)+ Culture (100 pl)

Top agar (2 ml)+ Culture (100 pl)+ 2-AF
(100 pl)+ S9 mix (500 pl)

Top agar (2 ml)+ Culture (100 pl)+ different
concentrations of extracts (100 pl) )+ S9 mix
(500 ul)

Top agar (2 ml)+ Culture (100 pl)+ 2-AF
(100 ul)+ different concentrations of extracts
(100 pl) )+ S9 mix (500 ul)

Top agar (2 ml)+ Culture (100 pl)+ mixture
(700 pl= 100 pl of 2-AF+ different
concentrations of extracts (100 pl)+ S9 mix
(500 pl) pre-incubated at 37°C for 30
minutes

NPD-4-nitro-o-phenylenediamine, SA-Sodium azide

Antimicrobial Activity

Antibacterial activity

The

bacterial

strains used for

evaluating the antibacterial activity of the
strains of Streptomyces spp. were procured from
Microbial Type Culture Collection (MTCC) and
Gene Bank, CSIR-Institute of Microbial
Technology (IMTECH), Chandigarh, India
(Table 3). Nutrient agar (NA) slants were used
for maintaining bacterial cultures. They were
regularly subcultured after every 30 days and
kept at 4°C. The glycerol suspensions (20% v/v)

were stored at -80°C. The antibacterial activity
of extracts against various tested organisms
(Gram positive and Gram negative bacteria) was
analyzed by performing agar disc diffusion
method.>> The Muller-Hinton agar (MHA) was
poured into the autoclaved petri plates under
aseptic conditions and seeded with 100 pl of
bacterial suspension (turbidity was compared to
0.5 MacFarland). The antibacterial activity was
checked by impregnating sterile discs with 0.5
mg of extracts of both strains. The discs were
kept on the surface of the medium and
incubated at 4°C for half an hour for the
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diffusion of the bioactive compounds. The

plates were then kept for incubation at 37°C for

24-48 hours. The zone of inhibition was

observed surrounding the discs which indicates
the positive results. The measurement of zone of
inhibition ~ was taken in  millimetres.

Table 3. List of test bacteria used

Bacteria

Reference number

Bacillus subtilis MTCC 619
Salmonella typhi MTCC 733
Escherichia coli MTCC1885
Staphylococcus aureus MTCC 96
Staphylococcus epidermidis MTCC 435
Klebsiella pneumoniae MTCC 109
Antifungal activity Antifungal activity of extracts against different

The fungal phytopathogens used for
testing the antifungal activity of the strains were
procured from National Fungal Culture
Collection of India, Pune (India) and Microbial
Type Culture Collection (MTCC) and Gene
Bank, CSIR-Institute of Microbial Technology
(IMTECH), Chandigarh, India (Table 4). The
fungal cultures were maintained on Potato
Dextrose Agar (PDA) followed by regular sub
culturing (every 30 days or so) and then stored
at 4°C. They were preserved in glycerol
suspension (20% v/v) as a stock at -20°C.

fungal cultures was determined by performing
agar well diffusion method.”” Potato dextrose
agar (PDA) medium was poured into autoclaved
petri plates under sterile conditions. The
medium was seeded with 100 pl of fungal
suspension. The seeded plate was punctured by
a sterile cork borer and wells of 9 mm were
made. The antifungal activity was tested by
loading the wells with 200 ul of extracts (20
mg/ml). Plates were kept for incubation for 5
days at 28°C. Zone of inhibition around the
wells confirmed positive result and the
measurement was taken in millimetres.

Table 4. List of test fungi used

Fungal phytopathogen

Reference number

Alternaria citri
Botrytis cineria
Colletotrichum musae
Fusarium solani
Rhizoctonia solani
Alternaria brassicicola

Fusarium oxysporum

NFCCI Number: 2704
NFCCI Number: 1305
NFCCI Number: 2256
NFCCI Number: 91
NFCCI Number: 188
MTCC 2102

MTCC 284
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Plant Growth Promotion Activity

Production of this plant growth
promoting hormone (IAA) was analyzed by the
method proposed by Bano and Musarrat
(2003).* Yeast Malt (YM) broth (50 ml) having
0.2% L-tryptophan was inoculated with three 6
mm discs of cultures growing in SCNA (starch
casein nitrate agar) and kept for incubation at
180 rpm at 28°C. Broth was centrifuged after 7
days of incubation for 15 minutes at 10,000 g at
4°C. After centrifugation, 2 ml of Salkowski
reagent was added to 1ml of supernatant and
again incubated for 25 minutes at room
temperature. Development of pink colour
indicated the production of indole-3-acetic acid
and was measured at 530 nm. The amount
production of indole-3-acetic acid (IAA) was
analyzed in comparison with IAA standard.

To analyze the effects of strains on
plant growth promotion activity, in vivo pot
experiments were performed on Triticum
aestivum (Wheat) of variety HD-3086 procured
from Punjab Agriculture University, Ludhiana.
Starch Casein Nitrate Agar (SCNA) medium
was inoculated with cultures and kept for
incubation for 7 days at 28°C until the
occurrence of optimum sporulation. Five ml of
autoclaved distilled water was added to the plate
with 1% cellulose used as an adhesive. The
mycelium and spores were loosened by gently
scraping with the inoculation loop. The surface
sterilized seeds were dipped for 24 hours in the
cell suspension of S. violascens strain OS-6 and
Streptomyces sp. strain TES-25 (10°cfu/ml).
The seeds were then air dried under sterilized
conditions by placing them on autoclaved filter
paper. When the seeds got dried, both the
treated (bacterized) and non-treated seeds
(control) were planted in pots using sterilized
forcep. The different characteristics of soil viz.
moisture content,”’ organic matter and organic
carbon,”  available nitrogen,39 available
phosphorus,*” texture of soil (silt %, clay % and
sand %), available sodium and potassium
content.*> * were determined The growth
parameters such as number of plants, fresh
weight of plants, dry weight of plants, root

length of plants, shoot length of plants, fresh
weight of tillers, dry weight of tillers, number of
tillers per plant and total number of seeds per
plant were noted.

Statistical analysis

The experiments were performed in triplicates.
The results were obtained as mean + S.E. The
regression equation was obtained by plotting
graph between tested concentrations of extracts
and inhibition of growth in Ames assay. The
calculation of ICsy values was done using
regression equation. The statistical analysis of
the results was performed by one-way analysis
of variance (ANOVA), two way ANOVA and
Tukey’s multiple comparison tests. The results
were considered to be statistically significant at
5% level of significance.

RESULTS

The extracts obtained were S
violascens strain OS-6 chloroform extract, S.
violascens strain OS-6 ethyl acetate extract,
Streptomyces sp. strain TES-25 chloroform
extract and Streptomyces sp. strain TES-25
ethyl acetate extract abbreviated as OCE,
OEAE, TCE and TEAE respectively. The
phytochemicals present in the extracts were
evaluated by Ultra High Performance Liquid
Chromatography (UHPLC) analysis. Among the
extracts of S. violascens strain OS-6,
epicatechin  was present in maximum
concentration of 701.757 ppm in OEAE extract.
OCE extract contained highest concentration of
kaempferol i.e. 164.054 ppm. TEAE extract
showed maximum amount of epicatechin
(593.060 ppm) while TCE extract exhibited
high amount of kaempferol (46.101 ppm)
among the extracts of Streptomyces sp. strain
TES-25. All the extracts contained other
polyphenolic compounds in lesser amounts. The
different bioactivities in the extracts may be
dependent on the presence of these polyphenolic
compounds.

Antimutagenic activity

The antimutagenic capability of
extracts in TA98 and TA100 strains of
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Salmonella typhimurium without S9 mix or with
S9 mix that acts as metabolic activator was
determined by employing the protocol as
described by Maron and Ames (1983) with
minor modifications. It was observed that the
extracts had more significant effect on reducing
the mutagenicity initiated by 2-AF (indirect
acting mutagen) in comparison to NPD and
sodium azide (direct acting mutagens). The
results of antimutagenic activity exhibited by
different extracts of S. violascens strain OS-6
(OCE and OEAE) and Streptomyces sp. strain
TES-25 (TCE and TEAE) are as follows:

S. violascens strain OS-6 chloroform extract
(OCE)

The antimutagenic potential of OCE
extract was determined as the percentage
inhibition of the mutagenicity initiated by the
direct and indirect acting mutagens (Table 5 and
Fig. 1). The ICs, values of OCE extract are
presented in Table 6. The reduction of his"
revertents initiated by NPD in TA98 was
53.75% (ICsq value of 1299.84 ng/0.1 ml) in co-
incubation mode and 55.07% (ICsy value =
1187.97 pg/0.1 ml) in pre-incubation mode at
the maximum concentration. OCE extract
exhibited antimutagenic activity of 60.98%
(ICsp value of 953.37 ng/0.1ml) in TA98 against
2AF (indirect acting mutagen) in co-incubation
mode of action while 66.53% (ICsy value =
607.89 pg/0.1 ml) in pre-incubation mode of
treatment at the highest tested dose. In case of
direct acting mutagens, maximum
antimutagenic activity was observed in pre-
incubation mode of treatment against TA100
with a reduction of sodium azide initiated
mutagenicity by 48.80% (ICsy value = 2344.90
pg/0.1 ml) while the co-incubation mode of
treatment showed 45.73% (ICs, value of
3010.92 pg/0.1 ml) reduction in mutagenicity at
the highest dose (2500 pg/0.1ml). In TA100
strain, the observed % antimutagenicity was
62.85% (ICso value of 888.91 ng/0.1 ml) in co-
incubation mode of action and 69.23% (ICs,

value of 543.48 ng/0.1 ml in pre-incubation
mode of action at the highest concentration in
case of indirect acting mutagen. The results
showed significance at p < 0.05 using one-way
ANOVA along with Tukey’s multiple
comparison tests.

S. violascens strain OS-6 ethyl acetate extract
(OEAE)

OEAE extract possessed antimutagenic
response of 61.14% with 1Csy value of 620.17
pg/0.1 ml in co-incubation mode of experiment
and 65.86% (ICsy value = 419.89 pg/0.1 ml) in
pre-incubation mode of experiment in TA98
strain against direct acting mutagen (NPD) at
the highest examined dose (Table 7 and Fig. 2).
Table 8 depicts the ICsy values of OEAE extract.
In case of indirect acting mutagen, the
antimutagenic response recorded was 72.61%
(ICsy value of 275.89 png/0.1 ml) in co-
incubation method of treatment and 84.11%
(ICso value = 32.79 ng/0.1 ml) in pre-incubation
mode of treatment in TA98 strain at the highest
tested concentration. In case of TA100 strain, it
reduced the mutagenicity initiated by sodium
azide (the direct acting mutagen) by 54.68%
(ICso value of 1339.43 png/0.1 ml) in co-
incubation mode of treatment and 60.61% (ICs,
value of 1012.32 pg/0.1 ml) in pre-incubation
mode of treatment at the highest tested dose.
The extract was very effective in decreasing the
his" revertants in TA100 strain against indirect
acting mutagen (2-AF) by 75.099% (ICs, value
of 239.85 pg/0.1 ml) in co-incubation method
of treatment and 85.65% (ICsy value of 4.66
pg/0.1 ml) in pre-incubation mode of treatment
at the highest dose. It was observed that the
antimutagenic response was strongly enhanced
in case of indirect acting mutagen as compared
to direct acting mutagens. The results showed
statistical ~ significance at 5% level of
significance by one-way ANOVA along with
Tukey’s multiple comparison tests.
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Streptomyces sp. strain TES-25 chloroform
extract (TCE)

Antimutagenic effect of TCE extract
against the direct and indirect acting mutagens
in TA98 and TA100 strains of S. typhimurium is
presented in Table 9 and Fig. 3. The ICs, values
of TCE extract are presented in Table 10. The
results expressed that the decrease in number of
his” revertants was less in case of absence of
metabolic activation. In TA98 tester strain, a
moderate antimutagenic response was observed
with inhibitory effect of 53.49% (ICs, value =
1556.197 pg/0.1 ml) in co-incubation mode of
treatment and 54.95% (ICsy value of 1366.49
pg/0.1 ml) in pre-incubation mode of treatment
against NPD. The extract considerably
decreased the number of revertant colonies by
59.49% (ICso value = 1199.91 pg/0.1 ml) in co-
incubation mode of treatment and 64.49% (ICs,
value of 589.93 pg/0.1 ml) in pre-incubation
mode of treatment against 2-AF (S9 mediated
mutagen) at a dose of 2500 pg/0.1 ml in TA98
tester strain. In TA100 tester strain inhibitory
effect of 43.90% (ICs, value of 4491.76 pg/0.1
ml) in co-incubation method of treatment and
45.52% (ICsy value of 3604.72 ng/0.1 ml) in
pre-incubation mode of analysis was recorded
against sodium azide at the highest tested dose
while against 2-AF was 59.28% (ICsy value of
1118.79 pg/0.1 ml) in co-incubation mode of
treatment and 67.85% (ICsy value = 441.42
pg/0.1 ml) in pre-incubation method of
treatment at the highest dose. The results
revealed that the inhibitory effect was dose
dependent. One-way ANOVA as well as
Tukey’s multiple comparison tests indicated
that the results were significant at p < 0.05 level
of significance.

Streptomyces sp. strain TES-25 ethyl acetate
extract (TEAE)

The antimutagenic response of TEAE
extract is presented in Table 11 and Fig. 4.

Table 12 presents the ICsy values of TEAE
extract. In case of NPD (direct acting mutagen),
the extract showed an inhibitory effect of
60.76% (ICsy value = 699.24 png/0.1 ml) in pre-
incubation mode of treatment followed by
58.44% (ICso value of 732.16 pg/0.1 ml) in co-
incubation method of experimentation in TA98
tester strain at the highest tested concentration.
The rat liver homogenate led to a considerable
increase in the antimutagenic response in both
the tester strains. The reduction in the his®
revertent colonies was 66.19% (ICsy value of
445.86 pg/0.1 ml) in co-incubation mode of
treatment and 82.42% (ICsy value = 61.56
ug/0.1 ml) in pre-incubation mode of
experiment against 2-AF having microsomal
mammalian activation system in TA98 tester
strain at the highest checked dose. The extract
exerted antimutagenic activity of 49.16% (ICs
value of 2143.08 pg/0.1 ml) in co-incubation
mode of treatment and 54.25% (ICsy value of
1422.26 pg/0.1 ml) in pre-incubation mode of
treatment against sodium azide without
metabolic activation in TA100 strain at the
highest concentration tested. The inhibitory
effect was more in TA100 strain with
percentage inhibition of 67.45% (ICsy value of
407.48 pg/0.1 ml) in co-incubation mode of
treatment and 84.11% (ICsy value = 39.25
pg/0.1 ml) in pre-incubation mode of treatment
at the highest tested concentration of 2500
pg/0.1 ml. The inhibitory effect was increased
in a dose dependent manner. The results were
found to be significant one-way ANOVA along
with Tukey’s multiple comparison tests at p <
0.05 level of significance.
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Table 5: Antimutagenic activity of chloroform extract of S. violascens strain OS-6 (OCE) against direct acting

mutagens (4-nitro-o phenylenediamine and sodium azide) and S9-dependent mutagen (2-aminofluorene) in
TA98 and TA100 strains of Salmonella typhimurium

Treatment Dose TA98 TA100
(ng/0.1 Without S9 With S9 Without S9 With S9
ml)
Mean + SE Inh (%)+ SE Mean + SE Inh(%)+ SE Mean + SE Inh (%)+ SE Mean + SE Inh (%)+ SE
Spontaneous 38.67+8.57 - 44.33+6.98 - 173.67+31.88 - 207+9.29 -
Positive
NPD 20 1646.33+50.54 - - - - - - -
Sodium Azide 2.5 - - - - 1650 +86.60 - - -
2-AF 20 - - 4729.33+407.64 - - - 1971.67+53.98 -
Negative
100 35.67+2.33 - 44.67+6.64 - 205.67x12.45 - 216.67x11.46 -
250 39.33£5.61 - 42.00£5.51 - 199.33£13.59 - 218.33+15.93 -
500 40.33+4.67 - 39.67+6.44 - 207.67x16.15 - 211.33x17.03 -
1000 41.00+4.73 - 39.67+4.63 - 229+9.87 - 219 £15.53 -
2500 40.67+5.04 - 39.33+4.33 - 210+13.86 - 202 £16.29 -
Co-incubation
100 1176+29.51 29.03£3.16 3770+64.83 19.56 £5.20 1454+57.26 12.88+7.28 1524.67+41.32 25.4142.797
250 1017.334£24.92 38.93+3.55 3213.67+46.22 31.36 £5.63 1278+66.57 24.79+7.83 1384+29.14 33.50+1.19
500 968.33+32.03 42.1142.697 2608.33+£22.92 44.42 +4.57 1166+29.53 33.13+4.64 1300+ 33.72 38.08+3.19
1000 850.00+18.82 49.57+0.61 2302.67+47.94 51.1243.71 1073.67+32.67 40.33+£2.26 1007.33+ 35.87 54.9243.32
2500 782.00+38.55 53.75+2.38 1840.67+29.55 60.98 +3.54 986.33£6.17 45.73+3.24 858+38.07 62.85+2.80
HSD 12.4544 21.4018 25.5897 12.8646
F-Ratio (4,10) 12.9207* 12.5638* 5.5707* 31.3575*
Pre-incubation
100 1156+70.38 30.28+4.86 3233.67+39.73 30.99+5.40 1370+10.68 18.82+4.36 1420.33+£33.74 31.2043.77
250 1015.334£36.77 39.05+3.90 3046.33+50.09 35.17 +4.18 1282.33+54.58 25.13+2.50 1323.67+47.96 36.77+4.49
500 960.67+13.32 42.60+1.81 2550.67+38.58 45.82 +£3.65 1123.334+42.73 36.41+0.98 1125.67+22.81 47.97+2.81
1000 848.67+45.499 49.73+1.58 1912 £35.73 59.53 £3.25 1024 +39.69 43.73+£3.72 926.67+ 37.35 59.595+2.44
2500 761.67+30.60 55.07+1.90 1586.33+13.09 66.53 £2.81 946 +34.53 48.799+1.39 747.67+ 55.92 69.23+1.58
HSD 14.4412 18.4124 13.4804 14.8199
F-Ratio (4,10) 9.5373* 14.8978* 18.6511* 24.3395%
TA98 (without S9) TA98 (with S9) TA100 (without S9) TA100 (with S9)
Treatment F-ratio (,20=0.1326 F-ratio (,29=5.0741* F-ratio (,20=1.3298 F-ratio (1,29 = 10.1071*
Dose F-ratio (4 209) = 21.9405* F-ratio (4,29 =26.6968* F-ratio (429 = 16.722* F-ratio (4,209 = 54.3663*
TreatmentxDose F-ratio (4, 20, = 0.0202 F-ratio (4,20=0.4163 F-ratio (4,20=0.1022 F-ratio (4,20 = 0.3442
HSD 14.5284 21.5086 22.0352 149511

Inh- Inhibition; * represents the significance at p <0.05
Values are shown as Mean + S.E.
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Table 6. ICsy (1g/0.1 ml) values of chloroform extract of S. violascens strain OS-6 (OCE) in Ames assay

TA98 TA100
Without S9 With S9 Without S9 With S9
Co- Pre- Co- Pre- Co- Pre- Co- Pre-
incubation  incubation incubation incubation incubation incubation incubation incubation
Regression  y= y= y= y= y= y= y= y=
equation 7.679In(x)- 7.702In(x)- 13.08In(x)- 12.06In(x)- 10.36In(x)- 9.955In(x)- 12.22In(x)- 12.54In(x)-
5.045 4.519 39.81 27.36 33.03 27.29 33.04 28.98
R? value 0.976 0.990 0.987 0.956 0.977 0.970 0.956 0.976
1Csq value 1299.84 1187.97 953.37 607.89 3010.92 234490 888.91 543.48
60 - 0
Co-incubation I Co-incubation
50 - mPre-incubation x B Pre-incubation
:é 40 - I I
= =
£ 30 - I £
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20 I
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Fig. 1. Antimutagenic activity of chloroform extract of S. violascens strain OS-6 (OCE) on (a) S. typhimurium
strain TA98 without S9 against 4-nitro-o-phenylenediamine (NPD) (b) S. typhimurium strain TA100 without S9
against sodium azide (c) S. typhimurium strain TA98 with S9 against 2-aminofluorene (2-AF) (d) S.
typhimurium strain TA100 with S9 against 2-aminofluorene (2-AF).
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Table 7. Antimutagenic activity of ethyl acetate extract of S. violascens strain OS-6 (OEAE) against direct acting

mutagens (4-nitro-o phenylenediamine and sodium azide) and S9-dependent mutagen (2-aminofluorene) in TA98 and
TA100 strains of Salmonella typhimurium

Treatment
Dose TA98 TA100
(ug/0.1 Without S9 With S9 Without S9 With S9
ml
) Mean + SE Inh (%)+ SE Mean + SE Inh(%)+ SE Mean + SE Inh (%)+ SE Mean + SE Inh (%)+ SE
Spontaneous 53+4.36 - 42.33+7.06 - 179.33£16.25 - 179.33+35.78 -
Positive
NPD 20 1637+44.80 - - - - - - -
Sodium Azide 2.5 - - - - 1626.33+80.27 - - -
2-AF 20 - - 6202.67+314.00 - - - 2216.67+104.48 -
Negative
100 41.67£3.18 - 43.3346.69 - 220.33+£6.39 - 215.33+14.43 -
250 44.33+5.78 - 39.67+6.01 - 210.67+9.40 - 209.33+17.13 -
500 44.67+4.63 - 37+6.66 - 215.67+9.21 - 220.67+22.45 -
1000 38.33+3.48 - 38+5.51 - 211+£11.72 - 219.67+17.90 -
2500 45+4.36 - 38.67+6.12 - 214+£13.796 - 224+14.73 -
Co-incubation
100 1076.33+33.28 35.12+1.75 3757.67+£34.197 39.39+3.03 1272+27.18 24.92 +2.53 1419+38.14 39.31+4.87
250 981.67+28.72 41.15+0.05 3422+55.68 44.91+£2.01 1134.33+£52.59 34.72 +1.04 1175.67+32.95 51.72+2.04
500 875.33+38.39 47.67+3.30 2555.33£30.60 58.98+1.74 1049+30.62 40.73 £2.41 1032.33+39.07 58.99+3.12
1000 745+55.72 55.72+3.57 2029+18.48 67.495+2.08 930.33+26.86 48.72 £3.91 915.33+37.83 65.16x1.37
2500 662+20.13 61.14+2.33 1714+33.60 72.61+2.06 846.33+45.83 54.68 £5.77 715.67+34.85 75.099+2.23
HSD 11.7879 10.3615 16.3494 13.8722
F-Ratio (4,10) 17.313* 40.9676* 11.0143* 20.5971*
Pre-incubation
100 1012.67+20.21 38.97 £2.99 2681.33£53.69 57.01x1.74 1259.67+31.71 25.77£2.94 873.67+20.28 67.01x1.02
250 920.33£30.95 44.87+£3.22 1987+47.09 68.15+2.42 1123.33+40.75 35.00 +4.96 749.67+37.02 73.14x1.81
500 850.67+35.37 49.23+3.52 1546.33+27.76 75.37+1.61 1033.33+38.65 41.48 £5.91 636.67+20.96 78.96+1.85
1000 696.33+20.795 58.77x1.62 1307+41.97 79.31x1.27 924.67+64.41 49.34 +5.43 588.67+7.17 81.53+0.31
2500 591+10.02 65.68 £0.46 1013.67+21.33 84.11+0.76 763.67+37.77 60.61+4.96 505.33+50.15 85.65+2.51
HSD 12.2244 7.6886 22.9952 7.8061
F-Ratio (4,10) 16.6402* 40.9672* 7.2775* 18.9429*
TA98 (without S9) TA98 (with S9) TA100 (without S9) TA100 (with S9)
Treatment F-ratio (1,20)=4.1935 F-ratio (1, 209)= 168.5993* F-ratio (,20=0.3866 F-ratio (1,29 = 157.3022%*
Dose F-ratio (4, 20)= 33.8325* F-ratio (4,209 = 78.9179% F-ratio (4, 20)= 16.9107* F-ratio (4,20 =36.9732*
TreatmentxDose F-ratio (4,20)= 0.0961 F-ratio (4,29=3.0171* F-ratio (4,29)=0.1537 F-ratio (4,20 = 3.4254*
HSD 12.9378 9.8298 21.4956 12.1269

Inh- Inhibition; * represents the significance at p <0.05
Values are shown as Mean + S.E.

Ind Res J Pharm & Sci|2018: Sept.: 5 (3)

1569



ndian Research Journal of Pharmacy and Science; Editorial; ). Kawr et.al

Sept’'18

Table 8. ICs (ng/0.1 ml) values of ethyl acetate extract of S. violascens strain OS-6 (OEAE) in Ames assay

TA98 TA100
Without S9 With S9 Without S9 With S9
Co- Pre- Co- Pre- Co- Pre- Co- Pre-
incubation  incubation incubation  incubation incubation  incubation incubation  incubation
Regression  y= y= y= y= y= y= y= y=
equation 8.462In(x)- 8.567In(x)- 11.25In(x)- 8.363In(x)+  9.380In(x)- 10.74In(x)- 10.89In(x)- 5.831In(x)+
4431 1.739 13.27 20.81 17.54 24.35 9.652 41.01
R? value 0.988 0.980 0.956 0.958 0.992 0.996 0.994 0.978
I1Cso value 620.17 419.89 275.89 32.79 133943 1012.32 239.85 4.66
70 A 70
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S 40 - - g
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Fig. 2. Antimutagenic activity of ethyl acetate extract of S. violascens strain OS-6 (OEAE) on (a) S.
typhimurium strain TA98 without S9 against 4-nitro-o-phenylenediamine (NPD) (b) S. #yphimurium strain
TA100 without S9 against sodium azide (c) S. typhimurium strain TA98 with S9 against 2-aminofluorene (2-
AF) (d) S. typhimurium strain TA100 with S9 against 2-aminofluorene (2-AF).
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Table 9. Antimutagenic activity of chloroform extract of Streptomyces sp. strain TES-25 (TCE) against direct acting
mutagens (4-nitro-o-phenylenediamine and sodium azide) and S9-dependent mutagen (2-aminofluorene) in TA98 and
TA100 strains of Salmonella typhimurium

Treatment Dose TA98 TA100
(ng/0.1 Without S9 With S9 Without S9 With S9
ml)
Mean + SE Inh (%)+ SE Mean + SE Inh(%)+ SE Mean + SE Inh (%)+ SE Mean + SE Inh (%)+ SE
Spontaneous 44.67+8.25 - 46.67 £5.04 - 163.67+31.698 - 162.33+17.15 -
Positive
NPD 20 1675+67.84 - - - - - - -
Sodium Azide 25 - - - - 1650.33+85.04 - - -
2-AF 20 - - 5754 £162.41 - - - 2348.67+36.77 -
Negative
100 44+4.36 - 35.67+4.63 - 205.67+12.45 - 217.33+16.48 -
250 40.33+4.096 - 44.3343.76 - 199.33£13.59 - 204.67x15.21 -
500 44+3.61 - 40.67+6.12 - 207.67£16.15 - 204.33+21.07 -
1000 34.33+1.76 - 44.67+6.06 - 229+9.87 - 216.67+13.96 -
2500 43.33+£2.91 - 42+2.89 - 210+13.86 - 228+15.72 -
Co-incubation
100 1260+68.595 24.97+6.26 4736.33+106.81 17.76+0.96 1377.67+73.69 18.93£1.37 1850.33+28.82 23.34x1.47
250 1151£100.13 32.31+3.42 4415.33+52.06 23.29+2.84 1225+40.08 28.83+4.298 1693+42.55 30.59+1.12
500 1021+94.85 40.24+3.93 3596.33+43.91 37.65+2.05 1168.67+34.79 33.03+4.38 1526.33+43.91 38.32+1.89
1000 903.67+28.49 46.98+0.495 2872+22.48 50.40+1.45 1081.67+25.30 39.77+2.09 1259.33+77.81 51.15+3.58
2500 798.67+11.096 53.49 £2.65 2353.67+28.01 59.49+0.68 1012427.68 43.90+3.94 1092+45.90 59.28+1.17
HSD 17.8405 8.2503 16.0194 9.5789
F-Ratio (4,10) 8.7466* 98.5752* 8.0031* 50.8813*
Pre-incubation
100 1269.33£76.999 25.02+1.85 4036+50.74 29.89+2.71 1343.33+28.29 20.65+5.23 1768.67+77.39 27.18+3.05
250 1129+4.16 33.15+2.90 3406.33+51.2 41.01£2.14 1169.33+23.78 32.77+3.07 1380+48.88 45.11+3.47
500 985.67+34.98 41.96+4.19 2908.33+48.12 49.72+1.61 1106.67+43.04 37.58+2.596 1154+45.71 55.65+3.33
1000 894.67+22.88 47.48+1.17 2546.33+32.84 56.14+0.75 1072.33£36.67 40.44+2.73 1026.67+39.43 61.94+2 .42
2500 772.33+44 .47 54.95+4.61 2066.33+28.24 64.49+1.35 991.67+20.74 45.52+2.07 909.67+34.75 67.85+1.07
HSD 14.9945 8.5562 15.4612 13.0527
F-Ratio (4,10) 13.3076* 52.9907* 8.0706* 32.546%
TA98 (without S9) TA98 (with S9) TA100 (without S9) TA100 (with S9)
Treatment F-ratio (1,20)=0.1668 F-ratio (1,20 = 84.8696* F-ratio (,2090= 1.3631 F-ratio (1,20 =49.9883*
Dose F-ratio (4,20)=21.2508* F-ratio (4 20) = 145.6945* F-ratio (4,29= 15.9517* F-ratio (429 = 75.6641*
TreatmentxDose F-ratio (4,20=0.0186 F-ratio (4,20=4.2125* F-ratio (4,20=0.1196 F-ratio (4,20=2.2640
HSD 17.7549 9.0554 16.9616 12.3346

Inh- Inhibition; * represents the significance at p <0.05; Values are shown as Mean + S.E.
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Table 10. ICs, (ug/0.1 ml) values of chloroform extract of Streptomyces sp. strain TES-25 (TCE) in Ames assay

TA98 TA100
Without S9 With S9 Without S9 With S9
Co- Pre- Co- Pre- Co- Pre- Co- Pre-
incubation incubation incubation incubation incubation incubation incubation incubation
Regression y= y= y= y= y= y= y= y=
equation 9.129In(x)- 9.462In(x)- 13.99In(x)- 10.77In(x)- 7.778In(x)- 7.381In(x)- 11.74In(x)-  12.55In(x)-
17.14 18.29 49.25 18.71 15.44 10.48 3242 26.49
R? value 0.994 0.993 0.969 0.993 0.978 0.937 0.98 0.944
1Csq value 1556.197 1366.49 119991 589.93 4491.76 3604.72 1118.79 441.42
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Fig. 3. Antimutagenic activity of chloroform extract of Streptomyces sp. strain TES-25 (TCE) on (a) S.
typhimurium strain TA98 without S9 against 4-nitro-o-phenylenediamine (NPD) (b) S. typhimurium strain
TA100 without S9 against sodium azide (c) S. typhimurium strain TA98 with S9 against 2-aminofluorene (2-
AF) (d) S. typhimurium strain TA100 with S9 against 2-aminofluorene (2-AF).
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Table 11. Antimutagenic activity of ethyl acetate extract of Streptomyces sp. strain TES-25 (TEAE) against
direct acting mutagens (4-nitro-o phenylenediamine and sodium azide) and S9-dependent mutagen (2-
aminofluorene) in TA98 and TA100 strains of Salmonella typhimurium

Treatment Dose TA98 TA100
(ng/0.1 Without S9 With S9 Without S9 With S9
ml) Mean + SE Inh (%)+ SE Mean + SE Inh(%)+ SE Mean + SE Inh (%)t SE Mean + SE Inh (%)+ SE
Spontaneous 51.33+£2.85 - 46.67£8.65 - 171.33+30.07 - 217+15.13 -
Positive
NPD 20 1675+67.84 - - - - - - -
Sodium Azide 2.5 - - - - 1579+30.12 - - -
2-AF 20 - - 6820.33+56.53 - - - 2855+36.295 -
Negative
100 53.67+£7.31 - 36.33+4.81 - 208.33+9.56 - 205.67+14.62 -
250 44.67+3.18 - 43.33+6.23 - 210£14.98 - 245+20.13 -
500 34.33+£3.53 - 38+5.51 - 215.67+15.43 - 204.67+12.02 -
1000 33.334£5.46 - 36+5.57 - 223£13.23 - 208.33£19.24 -
2500 32.33£5.61 - 36+5.29 - 207.67+10.48 - 213.67+17.42 -

Co-incubation

100 1239+46.88 26.58+4.81 4685.33+44.03 31.45+1.21 1351.67+41.34 16.43+3.92 2004.33+22.06 32.10+0.33
250 1012+57.42 40.55+3.65 3627.67£55.41 47.11+0.64 1273.67+35.23 22.28+2.19 1592.67+51.90 48.39£1.95
500 853+75.74 49.79+£5.72 3336.67+26.598 51.36+0.30 1043.33+49.13 39.37£2.90 1464+20.84 52.48+0.196
1000 764.33+47.39 55.495+1.55 2757.67£192.12 59.90+2.63 993+14.36 43.12£2.18 1261.67£12.44 60.21£0.21
2500 7114+42.57 58.4443.76 2329+43.097 66.19+0.95 904.67+34.51 49.16+3.01 1073.67£10.48 67.45+0.27
HSD 19.2570 6.5165 13.536 4.1942
F-Ratio (4,10) 9.7078%* 89.9994* 23.2405* 219.7772%

Pre-incubation

100 1235.70+41.95 26.67+5.75 3093.67+43.64 54.93+0.84 1229.33+26.46 25.334£3.44 1287.33+34.48 59.13+1.35
250 1007.30+24.36 40.65+3.969 2660.67+47.68 61.37+0.67 105746.08 38.11+0.64 1192.67+50.92 63.64+2.52
500 888.33+19.15 47.84+1.67 2215.67+25.69 67.88+0.56 1004.33+12.81 42.15£1.09 1066+36.72 67.47+2.03
1000 747.33+4.48 56.36+1.92 1740.67+24.54 74.87+0.50 956.67+38.71 45.93+3.21 878+23.76 74.73£1.25
2500 677.67+38.97 60.76+0.65 1227.67+35.18 82.42+0.72 833.33+46.26 54.25+4.22 634.33+£26.96 84.11x1.39
HSD 155132 3.1071 13.4127 8.2558
F-Ratio (4,10) 16.3994* 262.9785* 13.6707* 30.6478*
TA98 (without S9) TA98 (with S9) TA100 (without S9) TA100 (with S9)
Treatment F-ratio (,29=0.0142 F-ratio (1, 29)=606.01* F-ratio (j,209)= 14.9365* F-ratio (20 =394.5976*
Dose F-ratio (4,20 = 24.5981* F-ratio (4 20)= 238.4488* F-ratio (4, 20)= 35.2053* F-ratio (420)= 131.8673*
TreatmentxDose F-ratio (4,20)= 0.0845 F-ratio (4,20=5.6314* F-ratio (4,20= 1.7934 F-ratio (4,20=7.0281*
HSD 18.8393 5.500 14.5176 7.0549

Inh- Inhibition
* represents the significance at p <0.05
Values are shown as Mean + S.E.
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Table 12. ICs, (ng/0.1 ml) values of ethyl acetate extract of Streptomyces sp. strain TES-25 (TEAE) in Ames

assay
TA98 TA100
Without S9 With S9 Without S9 With S9
Co- Pre- Co- Pre- Co- Pre- Co- Pre-
incubation  incubation incubation  incubation incubation incubation incubation incubation
Regression y= y= y= y= y= y= y= y=
Equation  10.03In(x)- 10.70In(x)- 10.54In(x)-  8.729In(x)+ 10.92In(x)- 8.461In(x)-  10.59In(x)-  7.799In(x)+
16.2 20.09 14.33 14.04 33.84 11.42 13.73 21.34
R? value 0.928 0.964 0.966 0.996 0.931 0.966 0.964 0.966
1Cs, value 732.16 699.24 445.86 61.56 2143.08 1422.26 407.48 39.25
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Fig. 4. Antimutagenic activity of ethyl acetate extract of Streptomyces sp. strain TES-25 (TEAE) on (a) S.
typhimurium strain TA98 without S9 against 4-nitro-o-phenylenediamine (NPD) (b) S. #yphimurium strain
TA100 without S9 against sodium azide (c) S. typhimurium strain TA98 with S9 against 2-aminofluorene (2-
AF) (d) S. typhimurium strain TA100 with S9 against 2-aminofluorene (2-AF).
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Antimicrobial Activity
Antibacterial activity

The antibacterial activity of the extracts of
S. violascens strain OS-6 (OCE and OEAE) and
Streptomyces sp. strain TES-25 (TCE and TEAE)
was tested against Bacillus subtilis, Salmonella
typhi, Escherichia coli, Staphylococcus aureus,
Staphylococcus Klebsiella
pneumoniae by performing disc diffusion method
(Table 13 and Fig. 5) The extracts of both the
strains did not show activity against the tested gram
negative  bacteria  (Salmonella  typhi  and
Escherichia coli) except Klebsiella pneumoniae
while they inhibited the growth of gram positive

epidermidis  and

bacteria (Bacillus subtilis, Staphylococcus aureus
and Staphylococcus epidermidis). The maximum
antibacterial activity was shown by OEAE extract
against Staphylococcus aureus with zone of
inhibition of 16 mm followed by OCE extract
creating a zone of inhibition of 12 mm against
Staphylococcus aureus among the extracts of S.
violascens strain OS-6. In case of extracts of
Streptomyces sp. strain TES-25, the highest
antibacterial activity was observed in TEAE extract
with zone of inhibition of 12 mm as compared to
TCE extract having zone of inhibition of 11 mm
against Staphylococcus aureus.

Table 13. Antibacterial activity of extracts of Streptomyces spp.

Test organism

Zone of inhibition (in mm) of extracts

S. violascens strain OS-6

OCE
Bacillus subtilis 8(S)
Salmonella typhi 0 (R)
Escherichia coli 0(R)
Staphylococcus aureus 12 (S)
Staphylococcus epidermidis 9(S)
Klebsiella pneumoniae 8(S)

Streptomyces sp. strain TES-25

OEAE TCE TEAE
11(S) 8 (S) 10(S)
0 (R) 0(R) 0 (R)
0 (R) 0(R) 0 (R)
16 (S) 11(S) 12 (S)
11(S) 8(S) 10 (S)
12 (S) 7(S) 8 (S)

The alphabet ‘R’ represents resistant while ‘S’ represents sensitive

OCE- chloroform extract of S. violascens strain OS-6, OEAE- ethyl acetate extract of S. violascens strain OS-6,
TCE- chloroform extract of Streptomyces sp. strain TES-25, TEAE- ethyl acetate extract of Streptomyces sp.

strainTES-25

Bacillus subtilis

Salmonella typhi

Escherichia coli
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Staphylococcus aureus

Staphylococcus epidermidis

Klebsiella pneumoniae

Fig. 5. Antibacterial activity of chloroform extract of S. violascens strain OS-6 (OCE), ethyl acetate extract of S.
violascens strain OS-6 (OEAE), chloroform extract of Streptomyces sp. strain TES-25 (TCE) and ethyl acetate
extract of Streptomyces sp. strain TES-25 (TEAE) in disc diffusion method.

Antifungal activity

The antifungal activity of the extracts
(OCE, OEAE, TCE and TEAE) of both the strains
was checked against Alternaria citri, Botrytis
cineria, Colletotrichum musae, Fusarium solani,
Rhizoctonia solani, Alternaria brassicicola and
Fusarium oxysporum using well diffusion method.
The extracts showed antifungal activity against all
the tested fungi except Botrytis cineria. The
maximum antifungal activity was exhibited by
OEAE extract against Colletotrichum musae
creating zone of inhibition of 18 mm in comparison
to OCE extract with zone of inhibition of 14 mm

against Colletotrichum musae. Antifungal activity
was also observed in OCE extract against
Alternaria brassicicola with zone of inhibition of
14 mm. The highest antifungal activity was
observed in TEAE extract creating a zone of
inhibition of 16 mm against Colletotrichum musae
and Alternaria brassicicola. TCE extract showed
less activity as compared to TEAE extract with
zone of inhibition of 15 mm against Colletotrichum
musae. Table 14 and Fig. 6 represent the results of
the antifungal potential of the extracts. It was
observed that the extracts showed more antifungal
activity as compared to antibacterial activity.

Table 14. Antifungal activity of extracts of Streptomyces spp.

Test organism

Zone of inhibition (in mm) of extracts

S. violascens strain OS-6

OCE
Alternaria citri 12 (S)
Botrytis cineria 0(R)
Colletotrichum musae 14 (S)
Fusarium solani 11 (S)
Rhizoctonia solani 11.5(S)
Alternaria brassicicola 14 (S)
Fusarium oxysporum 10 (S)

Streptomyces sp. strain TES-25

OEAE TCE TEAE
16 (S) 12 (S) 14 (S)
0 (R) 0 (R) 0 (R)
18 (S) 15(S) 16 (S)
13 (S) 11(S) 12 (S)
13 (S) 11(S) 12 (S)
16.5 (S) 11(S) 16 (S)
12 (S) 0 (R) 11(S)

The alphabet ‘R’ represents resistant while ‘S’ represents sensitive

OCE- chloroform extract of S. violascens strain OS-6, OEAE- ethyl acetate extract of S. violascens strain OS-6,
TCE- chloroform extract of Streptomyces sp. strain TES-25, TEAE- ethyl acetate extract of Streptomyces sp.
strain TES-25
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Fusarium solani

Rhizoctonia solani

Alternaria brassicicola

Fusarium oxysporum

Fig. 6. Antifungal activity of chloroform extract of S. violascens strain OS-6 (OCE), ethyl acetate extract of S.
violascens strain OS-6 (OEAE), chloroform extract of Streptomyces sp. strain TES-25 (TCE) and ethyl acetate
extract of Streptomyces sp. strain TES-25 (TEAE) in well diffusion method.

Plant Growth Promotion Activity

Both the cultures i.e. S. violascens strain
0S-6 and Streptomyces sp. strain TES-25 were
found to produce indole-3-acetic acid. The culture
S. violascens strain OS-6 produced 48.4 pg/ml
while Streptomyces sp. strain TES-25 produced
35.2 ng/ml of IAA. Fig. 7 represents standard curve
of TAA. The soil used for growing plants possessed
moisture content of 0.032 g in 100 g of soil with
4.76% of organic matter, 2.76% of organic carbon
having alkaline pH of 7.6. The available
phosphorus present was 131.15 + 2.76 mg/kg while
available nitrogen was 254.33 £ 16.16 mg/kg. The
soil was classified as sandy (silt = 10.26%, clay =
0.81%, sand = 88.93%). The available sodium and

available potassium were 294.0 £ 7.4 mg/kg and
124.5 £+ 8.35 mg/kg respectively. The application of
S. violascens strain OS-6 and Streptomyces sp.
strain TES-25 as seed dressing exhibited positive
response on different plant growth parameters on
Triticum aestivum (wheat) plants such as root
length, shoot length, number of plants, fresh weight
per plant, dry weight per plant, fresh weight per
tiller, dry weight per tiller, number of tillers per
plant and number of seeds per plant (Table 15 and
Table 16). The control and treated plants showed
healthy germination. The percentage of seed
germination in control plants was 77 % while
plants treated with both strains the percentage was
92%. The root length, shoot length, number of
plants, fresh weight per plant, dry weight per plant,
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fresh weight per tiller, dry weight per tiller, number
of tillers per plant and number of seeds per plant
was enhanced by 10.60%, 17.15%, 19.57%, 41%,
57.80%, 55.74%, 54.39%, 11.48%, 27% with S.
violascens strain OS-6 respectively while the

Streptomyces sp. strain TES-25 was 0.27%,
10.70%, 19.57%, 39.46%, 33.94%, 35.25%,
22.46%, 5.74% and 14.27% in the above

mentioned characteristics respectively (Table 17).
Fig. 8 and Fig. 9 show the plant growth promoting

percentage  of enhancement observed in potential of strains as compared to control.
1.2
1 .
3 0.8 -
g 0.6
'g 04 - y=0.021x +0.058
2 R?=10.992
< 0.2 -
0 . .
0 10 20 30 40 50 60
Concentration pg/ml)

Fig. 7: Standard curve of Indole-3-acetic acid (IAA).

Table 15. Plant growth promotion activity of strains of Streptomyces spp. in Triticum aestivum (wheat)

Treatment No.of  Fresh weight Dry Fresh Dry Total
) . 4 Total number
plants of plants (g) weight of  weight of weightof  number of of seeds
plants (g) tillers (g) tillers (g) tillers
Control 46 120 50.01 56.01 26.27 56 748
S. violascens 55 202.54 94.68 104.58 48.54 75 1136
strain OS-6
Streptomyces 55 200.05 80.23 90.78 38.39 71 1022

sp. strain TES-

25

Table 16. Effect of strains of Streptomyces spp. on growth parameters of Triticum aestivum (wheat) plants

grown in natural conditions

Treatment Root Shoot Fresh Dry weight  Fresh Dry weight No. of No. of seeds
length length weigh per  perplant (g) weight per  per tiller tillers per  per plant +
(cm)£SE  (cm)+=SE  plant(g)+ +SE tiller (g) + (g) £ SE plant+ SE  SE
SE SE
Control 7.45 + 46.82 2,61+ 1.09 + 122+ 0.57 + 122+ 16.26 +
0.40 1.37 0.18 0.07 0.11 0.04 0.098 1.43
S. violascens 8.24 £ 5485+ 3.68+ 1.72 + 1.90 + 0.88 1.36 = 20.65 +
strain OS-6 0.26 1.22 0.28 0.099 0.15 0.07 0.09 1.61
Streptomyces 7.47 + 51.83+ 3.64+ 1.46 + 1.65+ 0.698 + 129+ 18.58 +
sp. strain TES-  0.396 1.28 0.24 0.07 0.12 0.07 0.09 1.76
25
F-ratio 1.6742 9.4201* 5.8385* 14.4803* 6.7558* 6.5092* 0.5878 1.7538
(2,153)
HSD 1.1855 43181 0.8143 0.2743 0.4348 0.2033 0.3139 5.4538

*represents the significance at p <0.05

Values are shown as Mean + S.E
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Table 17. Percentage increase of growth characteristics of Triticum aestivum (wheat) plants after treatment with
strains of Streptomyces spp.

Treatment
Growth parameter S. violascens Streptomyces sp.
strain OS-6 strain TES-25
Root length 10.60 0.27
Shoot length 17.15 10.70
No. of plants 19.57 19.57
Fresh weight per plant 41.00 39.46
Dry weight per plant 57.80 33.94
Fresh weight per tiller 55.74 35.25
Dry weight per tiller 54.39 22.46
No. of'tillers per plant 11.48 5.74
No. of seeds per plant 27.0 14.27

Fig. 8. Photographs showing plant growth promotion activity of strains of Streptomyces spp. over control in
Triticum aestivum (wheat).
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Fig. 9. Photographs of Triticum aestivum (wheat) control plant and plants treated with Streptomyces spp.

DISCUSSION

The early stages in carcinogenesis are
marked by onset of mutations. The structure of
DNA is maintained by inhibition of reactive
oxygen species produced by extrinsic and intrinsic
agents by modulation of phase I and phase II
enzymes and hence suppressing the occurrence of
mutations. Ames Assay was carried out to evaluate
the antimutagenic potential of S. violascens strain
0S-6 and Streptomyces sp. strain TES-25. The
Ames test determines that the substance under
analysis has mutagenic property and hence can be
carcinogenic as cancer is associated with
mutations. It is defined as a reverse mutation test
involving mutated S. typhimurium strains and is
used to evaluate the mutagenic activity of
chemicals. The antimutagenic activity of extracts
was analyzed using NPD and sodium azide (direct
acting mutagens) and 2-aminofluorene (indirect
acting mutagen) in Ames Assay. The frameshift
and base pair substitution mutations describe the
antimutagenic mechanism of actions of extracts.
The frameshift mutations were tested using
Salmonella typhimurium TA98 strain while base
pair substitution mutations were tested using S.
typhimurium TA100 strain. The extracts at
concentrations of 100 pg/ml, 250 pg/ml, 500 pg/ml,
1000 pg/ml and 2500 pg/ml did not show any
toxicity or mutagenic activity to both tester strains
in the presence or absence of S9 mix but showed
their antimutagenic activity. The non-mutagenic
activity of the extracts may be due to their inability
to interact with DNA and did not inhibit the

synthesis of DNA and thus brought about the
initiation of SOS repair mechanism.**All the
extracts possessed antimutagenic activity in a dose
dependent fashion. Dose dependent activity was
also reported by Aqil et al. (2008)** in Ames assay.
The results were significant at 5% level of
significance in one way ANOVA. The extracts
exhibited more antimutagenic effect in pre-
incubation mode of experimentation as compared
to co-incubation mode. The extracts showed
percent inhibition of antimutagenicity ranged from
43.90% to 85.65%. The regression values ranged
from 0.92 to 0.99. The extracts exhibited moderate
inhibitory effect in case of direct acting mutagens
without S9 mix. The least ICsy value among
extracts of S. violascens strain OS-6 was possessed
by OEAE extract in pre-incubation mode of action
in TA98 (32.79 pug/ml) and TA100 (4.66 ng/ml)
strains in the presence of metabolic activation.
Among the extracts of Streptomyces sp. strain TES-
25, the highest antimutagenic response was
observed in TEAE extract with ICs, values of 61.56
pg/ml in TA98 strain with S9 mix and 39.25 pg/ml
in TA100 strain with metabolic activation in pre-
incubation method of treatment. The reduction in
revertent colonies was observed against direct and
indirect acting mutagens in both strains. The results
demonstrated that the antimutagenic activity may
be due to the presence of epicatechin as determined
in the UHPLC analysis. This polyphenolic
compound along with other polyphenolic
compounds might be responsible for providing the
antimutagenic activity to the extracts. The addition
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of S9 mix initiated the increase in the
antimutagenic response in all the extracts
particularly in OEAE extract of S. violascens strain
0S-6 and TEAE extract of Streptomyces sp. strain
TES-25 against both strains of S. typhimurium. The
ethyl acetate extract contains some therapeutically
significant molecules. The ethyl acetate extract
exhibited the maximum antimutagenic activity on
account of presence of different polyphenolic
compounds mainly epicatechin against 2-
aminofluorene initiated mutagenicity. The previous
studies showed that epicatechin  possess
antimutagenic potential against a large number of
mutagens. *> **** The compounds and different
extracts from plants and microorganisms were
analyzed for their mutagenic and cytotoxic
potential performing similar studies. **>* 3"

The multidentate ligand nature of
polyphenols enable them to bind the protein
molecules present on the periphery on more than
single site. ** The polyphenolic compounds usually
epicatechin (modulators) present in the ethyl
acetate extracts change the organization and
function carried out by cytochrome P-450 enzyme
by interfering with the metabolic initiation of 2-AF
and hence defending against the chemically
initiated process of mutagenesis. The 2-AF is
converted to N-hydroxy-2-aminoflourene by
cytochrome P-450 enzyme on direct interaction
with DNA and mutagen.>® The liver glycosides
induced the competitive suppression of P-450
isozymes which may be responsible for the
enhancement of inhibitory activity along with the
S9 mix.’After metabolic activation, such type of
protective activity in the form of antioxidant
activity is linked to the function possessed by
isoforms of cytochrome P-450s having reductase or
oxygenase in the system of detoxification of
destroying compounds involved in the generation
of free radicals, oxygen radicals and reactive
oxygen species.’® > The promutagens are oxidized
by metabolically active cytochrome P-450 during
competitive suppression by glycosides that might
be responsible for providing the antimutagenic
activity to the extracts along with S9 mix thus
bringing about the conversion of promutagens.*®
The alteration in the function and organization of
cytochrome P-450 enzyme results in defending the
mutagenesis induced by chemicals that bring about
differential  pathways and metabolism of
mutagens.”> The current study revealed the
desmutagenic effect in which mutagen is directly

inactivated before the mutation in genes that is
shown by all extracts against the direct and indirect
acting mutagens. The polyphenolic compounds also
regulate the estradiol-dependent
cancer.”’Polyphenolic compounds exhibiting the
antioxidant potential also possess anticancer and
antimutagenic activities on account of their
capability of scavenging the free radicals and
initiating the enzymes having antioxidant activity.*’
The significant role of ethyl acetate extracts on
account of their antimutagenic activity has been
related to their antioxidant potential. The secondary
compounds possess the property of scavenging the
free radicals, decreasing the mutagenicity,
ameliorating the alkylated damage of DNA and
ceasing the mutations in cells.’Hence, natural
antimutagens are capable of controlling the changes
in cells by inhibiting the mutations initiated by
genotoxic substances that bring about different
degenerative diseases such as cancer.”” The
appropriate method to decrease the incidence of
cancer is to incorporate the chemopreventive agents
possessing  multiple  functions. The daily
consumption of 1 g of polyphenolic compounds in
fruits or vegetables reduced the rate of mutagenesis
and carcinogenesis.63 The  phyto-originated
medicines have been proved to be very effective in
providing protection against the mutations and
cancer without any side effects.®* %

The antibiotic resistant pathogens have
lead to the enhanced necessity of the unexplored
antimicrobial compounds. Actinobacteria produce
safe, novel and effective antimicrobial products to
inhibit the growth of the drug-resistant
pathogens.® ® The pharmaceutical research
laboratories screen thousands of actinobacteria per
year especially Streptomyces strains for obtaining
undiscovered bioactive compounds that can be used
to isolate new antibiotics as novel antimicrobial
compounds.ﬁg’ 69.70. 7L 72 1y the present study, the
extracts were analyzed for their antimicrobial
activity against bacterial strains and fungal
phytopathogens. The antibacterial activity of the
extracts was tested against both gram positive
(Bacillus  subtilis, Staphylococcus aureus and
Staphylococcus epidermidis) and gram negative
bacteria (Salmonella typhi, Escherichia coli and
Klebsiella pneuminiae). The antifungal activity of
the extracts was examined against Alternaria citri,
Botrytis cineria, Colletotrichum musae, Fusarium
solani, Rhizoctonia solani, Alternaria brassicicola
and Fusarium oxysporum. The extracts exhibited
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antibacterial potential against tested gram positive
bacteria but did not show activity against tested
gram negative Dbacteria except Klebsiella
pneuminiae to which they showed moderate
activity. The maximum antibacterial activity was
observed in case of OEAE extract against
Staphylococcus aureus among the extracts of S.
violascens strain OS-6. TEAE extract produced
highest antibacterial response against
Staphylococcus aureus among the extracts of
Streptomyces sp. strain TES-25. The maximum
antifungal activity was shown by OEAE extract
against Colletotrichum musae in the extracts of S.
violascens strain OS-6. Among the extracts of
Streptomyces sp. strain TES-25, the highest
antifungal activity was observed in TEAE against
Colletotrichum musae and Alternaria brassicicola.
All the extracts showed antifungal activity against
the tested fungal phytopathogens. The ethyl acetate
extracts of both the strains showed more
antimicrobial activity as compared to the
chloroform extracts. The previous studies also
revealed that ethyl acetate was the best solvent for
the extraction of antimicrobial compounds.®”
Pugazhvendan et al. (2010)" and Baskaran et al.
(2016)"* also reported that the maximum
antimicrobial activity was exhibited by ethyl
acetate extracts of different Streptomyces spp.

The present work showed that the extracts
were more effective in case of gram positive
bacteria as compared to gram negative bacteria.
Similar results were also reported by Ilic et al.
(2007),Arasu et al. (2008),” Al-Hulu et al.
(2011),76 Sosovele et al. (2012),” Ramazani et al.
(2013),” Kekuda et al. (2013)"’ where the different
strains of Streptomyces spp. showed more
antibacterial effect against gram positive bacteria in
comparison to gram negative bacteria. The reason
behind it is the difference in the morphology of
cells walls of bacteria. An outer lipopolysaccharide
membrane is present in the cell walls of gram
negative bacteria and therefore it shows
impermeability to lipophilic solutes and the porins
hinder the entry of hydrophilic solutes.** The cell
wall of gram positive bacteria has only
peptidoglycan layer which is permeable to most of
the antibacterial compounds. Various studies
conducted by Al-Zahrani (2007),*' Arasu et al.
(2008),” Choi et al. (2012),* Hunadanamra et al.
(2013),¥ Nguyen and Kim (2015),** Dezfully and
Ramanayaka (2015), Baskaran et al. (2016)™
showed the antibacterial and antifungal activity of

the different strains of Streptomyces spp. which are
in accordance with the present work.

The strains of Streptomyces spp. were
analyzed for their plant growth promoting
potential. The strains showed the production of
indole-3-acetic acid. S. violascens strain OS-6 and
Streptomyces sp. strain TES-25 produced 48.4
pg/ml and 35.2 pg/ml of indole-3-acetic acid
respectively. The results for the production of IAA
are in accordance with the previous reports.®® ¥7- 8%
% The root exudates provide tryptophan to the
microorganism of rhizosphere region which leads
to the enhanced production of auxins by them. The
plant hormones produced by streptomycetes help in
providing stimulus for the enhanced growth of
plants.”” °'These act as chemical messengers.
Auxins are plant hormones having an indole ring
that enhance growth of plant by providing stimulus
for germination of seeds, growth of seedlings,
elongation of cells and initiating the growth of
roots.”

Indole-3-acetic acid (IAA) is included in
the auxin family and is produced by different
species of Streptomyces viz. S. Ilydicus, S.
olivaceoviridis, S. hygroscopicus, S. rimosus, S.
griseoviridis and S. rochei residing in the
rhizospeheric soil and enhance growth of plants by
increasing germination of seeds, elongation of roots
and dry weight of roots.'” ** » The different
species produce different amount of IAA.*>°* The
production of IAA is affected by conditions of
culture, stage of growth and substrate availability.
The plant growth promoting potential of the strains
was studied in vivo bioassay in Triticum aestivum
(wheat) seeds. The treatment of seeds with S.
violascens strain OS-6 and Streptomyces sp. strain
TES-25 resulted in the significant increase of root
length, shoot length, number of plants, fresh weight
of plants, dry weight of plants, fresh weight of
tillers, dry weight of tillers, number of tillers per
plant and number of seeds per plant. There are
many reports that prove that Streptomyces spp.
possess plant growth promotion activity.'® % 2% 2!
¥ Treatment of seeds with S. griseus resulted in
increase of different growth parameters in oat,
wheat and carrot as compared to control.”’
Streptomyces strains have also enhanced plant
growth as seed or soil inoculants in rice, sorghum
and chickpea.”> ****°7 Goudjal et al. (2013)’* and
Khamna et al. (2010)” reported the improvement
in germination of seeds and elongation of roots on
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treatment of seeds of different crops with
Streptomyces  spp. The three  endophytic
Streptomyces spp. when inoculated on tomato seeds
resulted in the enhanced germination of seeds,
elongation of roots and shoots on account of
production of TAA and siderophore.*® The two
rhizosphere-competent strains of Streptomyces (S.
atrovirens and S. filipinensis) lead to the increase in
growth of tomato plants in comparison to plants
that were treated with non rhizosphere-competent

REFERENCES

1. Brockman HE, Stack HF, Waters MD.,
Antimutagenicity profiles of some natural
substances., Mutat Res., 1992; 267: 157-
172.

2. Mitscher LA, Telikepalli H, McGhee E,
Shankel DM., Natural antimutagenic
agents., Mutat Res., 1996; 350: 143-152.

3. De Flora S., Mechanisms of inhibitors of
mutagenesis and carcinogenesis., Mutat
Res., 1998; 402: 151-158.

4. Sangwan NS, Shanker S, Sangwan RS,
Kumar S., Plant-derived products as
antimutagens., Phytother Res., 1998; 12:
389-399.

5. Surh YJ.,, Cancer chemoprevention by
dietary phytochemicals., Nat Rev Cancer.,
2003; 3: 768-780.

6. Ames RN, Reid CPP, Ingham, ER.,
Rhizosphere bacterial population
responses to root colonization by a
vesicular-arbuscular mycorrhizal fungus.,
New Phytol., 1984; 96: 555-563.

7. Bull AT, Stach JEM., Marine
actinobacteria: new opportunities for
natural product search and discovery.,
Trends Microbiol., 2007; 15: 491-499.

8. Kekuda TRP, Shobha KS, Onkarappa R.,
Studies on antioxidant and anthelmintic
activity of two Streptomyces species
isolated from Western Ghat soils of
Agumbe., Karnataka, J Pharm Res.,
2010; 3: 26-29.

9. Ravikumar S, Inbaneson SJ, Uthiraselvam
M, Priya SR, Ramu A, Banerjee MB.,
Diversity of endophytic actinomycetes
from Karangkadu mangrove ecosystem
and its antibacterial potential against
bacterial pathogens., J] Pharm Res., 2011;
4:294-296.

strains.'” The continuous secretion of compounds
like lecithins, glutens,
polysaccharides bring recognition between plants
and microorganisms™ and influence the root
colonization of microorganisms.99

flavonoids and

ACKNOWLWDGEMENTS

We duly acknowledge the final assistance provided
by  DST-INSPIRE for  the
accomplishment of this research work.

successful

10. Tanaka Y, Omura S., Agroactive
compounds of microbial origin.,, Annu
Rev Microbiol., 1993; 47: 57-87.

11. Xiao K, Kinkel LL, Samac DA,
Biological control of Phytophthora root
rots on alfalfa and soybean with
Streptomyces., Biol Control., 2002; 23:
285-295.

12. Behal V., Bioactive products from
Streptomyces., Adv Appl Microbiol.,
2000; 47: 113-157.

13. Doumbou CL, Salove MKJ, Crawford DL,
Beaulieu C., Actinomycetes, promising
tools to control plant diseases and to
promote plant growth., Phytoprotection.,
2002; 82: 85-102.

14. Ouhdouch Y, Barakate M, Finanse C.,
Actinomycetes of Moroccan habitats:
Isolation and screening for antifungal
activities., Eur J Soil Biol., 2001; 37: 69-
74.

15. Chung WC, Huang JW, Huang HC.,
Formulation of a soil biofungicide for
control of damping-off of Chinese
cabbage (Brassica chinensis) caused by
Rhizoctonia solani., Biol Control., 2005;
32:287-294.

16. Gadelhak GG, El-Tarabily KA, Al- Kaabi
FK., Insect control using chitinolytic soil
actinomycetes as biocontrol agents., Int J
Agric Biol., 2005; 7: 627-633.

17. Glick BR., Plant Growth-Promoting
Bacteria: Mechanisms and Applications.,
Scientifica., 2012; 2012: 1-15.

18. Nassar AH, El-Tarabily KA,
Sivasithamparam K., Growth promotion
of bean (Phaseolus vulgaris L.) by a
polyamine-producing isolate of
Streptomyces griseoluteus., Plant Growth
Regul., 2003; 40: 97-106.

Ind Res J Pharm & Sci|2018: Sept.: 5 (3) FIEEE]



ndian Research Journal of Pharmacy and Science; Editorial; ). Kawr et.al

Sept’'18

19.

20.

21.

22.

23.

24.

25.

26.

El-Tarabily KA., Promotion of tomato
(Lycopersicon esculentum Mill.) plant
growth by rhizosphere competent 1-
aminocyclopropane-1-carboxylic acid
deaminase-producing streptomycete
actinomycetes., Plant Soil., 2008; 308:
161-174.

Tokala RK, Strap JL, Jung CM, Crawford
DL, Salove MH, Deobald LA, Bailey JF,
Morra  MJ., Novel
rhizosphere interaction involving
Streptomyces Ilydicus WYEC108 and the
pea plant (Pisum sativum)., Appl Environ
Microbiol., 2002; 68: 2161-2171.

Sadeghi A, Karimi E, Dahaji PA, Javid
MG, Dalvand Y, Askari H., Plant growth
promoting activity of an auxin and
siderophore
Streptomyces under saline soil conditions.,
World J Microbiol Biotechnol., 2012; 28:
1503-1509.

Gopalakrishnan S,  Humayun P,
Vadlamudi S,  Vijayabharathi R,
Bhimineni RK, Rupela O., Plant growth-
promoting traits of Streptomyces with
biocontrol potential isolated from herbal
vermicompost., Biocontrol Sci Technol.,
2012a; 22: 1199-1210.

Gopalakrishnan S, Upadhyaya HD,
Vadlamudi S, Humayun P, Vidya MS,
Alekhya G, Singh A, Vijayabharathi R,
Bhimineni RK, Seema M, Rathore A,
Rupela O., Plant growth-promoting traits
of biocontrol potential bacteria isolated
from rice rhizosphere., Springerplus.,
2012b; 1: 71.

Aldesuquy HS, Mansour FA, Abo-Hamed
SA., Effect of the culture filtrates of
Streptomyces on growth and productivity
of wheat plants., Folia Microbiol., 1998;
43: 465-470.

Trejo-Estrada SR,  Paszczynski A,
Crawford DL., Antibiotics and enzymes
produced by the biocontrol agent
Streptomyces violaceusniger YCED-9., ]
Ind Microbiol Biotechnol., 1998; 2: 81-
90.

plant-microbe

producing  isolate  of

Macagnan D, Romeiro RDS, Pomella
AW, Production of lytic enzymes and
siderophores, and inhibition of
germination  of  basidiospores  of

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Moniliophthora (ex Crinipellis) perniciosa
by  phylloplane  actinomycetes., Biol
Control., 2008; 47: 309-314.
Gopalakrishnan S, Humayun P, Kiran BK,
Kannan IGK, Vidya MS, Deepthi K,
Rupela O., Evaluation of bacteria isolated
from rice rhizosphere for biological
control of charcoal rot of sorghum caused
by Macrophomina phaseolina (Tassi)
Goid., World J Microbiol Biotechnol.,
2011a;27: 1313-1321.

Gopalakrishnan S, Kiran BK, Humayun P,
Vidya MS, Deepthi K, Rupela O.,
Biocontrol of charcoal-rot of sorghum by
actinomycetes isolated from herbal
vermicompost., Afr J Biotechnol., 2011b;
10: 18142-18152.

Gopalakrishnan S, Srinivas V, Vidya MS,
Rathore A., Plant growth-promoting
activities of Streptomyces spp. in sorghum
and rice., Springerplus., 2013; 2: 574.

Og LS, Choi GJ, Choi YH, Jang KS, Park
DJ, Kim CJ, Kim JC., Isolation and
characterization of endophytic
actinomycetes from Chinese cabbage roots
as  antagonists to  Plasmodiophora
brassicae., J Microbiol Biotechnol., 2008;
18: 1741-1746.

Sousa CDS, Soares ACF, Garrido MDS.,
Characterization of streptomycetes with
potential to promote plant growth and
biocontrol., Sci Agric., 2008; 65: 50-55.
Kaur J, Manhas RK, Rani R, Arora S.,
Actinobacteria from soil as potential free
radical scavengers., Malays J Microbiol.,
2017; 13: 1-5.

Maron DM, Ames BN., Revised methods
for the Salmonella mutagenicity test.,

Mutat Res Genet Toxicol Environ
Mutagen., 1983; 113: 173-215.
Aqil F, Zahin M, Ahmad 1,

Antimutagenic activity of methanolic
extracts of four ayurvedic medicinal
plants., Indian J Exp Biol., 2008; 46: 668-
672.

Bauer AW, Kirby WMM., Sherris JC,
Turck M., Antibiotic susceptibility testing
by standardized single disk method., Am J
Clin Pathol., 1996; 45: 493-496.

Bano N, Musarrat J., Characterization of a
new Pseudomonas aeruginosa strain NJ-

Ind Res J Pharm & Sci|2018: Sept.: 5 (3) FISEE



ndian Research Journal of Pharmacy and Science; Editorial; ). Kawr et.al

Sept’'18

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

15 as a potential biocontrol agent., Curr
Microbiol., 2003; 46: 324-328.

Van Reeuwijk LP. Procedures for soil
analysis (6" ed.). The Netherlands:
International ~ Soil ~ Reference  and
Information Centre (ISRIC) and Food and
Agriculture Organization of the United
States (FAO), 2002.

Nelson DW, Sommers LE. Total carbon
and organic matter, In A.L. Page (Ed.),
Methods of soil analysis (part 2), ASA-
SSSA: Madison, WI, 1982.

Bremner JM, Mulvaney CS. Nitrogen
total, In A.L. Page, R.H. Miller and D.R.
Keeney (Eds.), Methods of soil analysis,
Madison, WI: American Society of
Agronomy, 1982 p 575-624.

Olsen SR, Cole CV, Watanabe FS, Dean
LA. Estimation of available phosphorus in
soils by extraction with sodium
bicarbonate, USDA Circ. No. 939. U.S.
Dept. Agric., Washington, D.C., 1954.
Jacob H, Clarke G. Part 4. Physical
method, In Methods of soil analysis,
Madison, WI: Soil Science Society of
America, 2002 p 1692.

Bhat SA, Singh J, Vig AP,
Vermiremediation of dyeing sludge from
textile mill with the help of exotic
earthworm  Eisenia  fetida Savigny.,
Environ Sci Pollut Res., 2013; 20: 5975-
5982.

Bhat SA, Singh J, Vig AP., Genotoxic
assessment and optimization of pressmud
with the help of exotic earthworm Eisenia

fetida., Environ Sci Pollut Res., 2014; 21:

8112-8123.

Arif M, Kunhi M, Siddiqui M, El Sayed
A, Orabi Y, Al-Hazzani A, Al-Ahdal N,
Al-Khodairy M., Differential modulation
of benzo[a]pyrenederived DNA adducts in
MCEF-7 cells by marine compounds., Int J
Cancer Res Prev., 2004; 1: 259-268.

Choi JS, Park KY, Moon SH, Rhee SH,
Young HS., Antimutagenic effect of plant
flavonoids in the Salmonella assay
system., Arch Pharm Res., 1994; 17: 71-
75.

Geetha T, Garg A, Chopra K, Kaur IP.,
Delineation of antimutagenic activity of
catechin, epicatechin and green tea
extract., Mutat Res., 2004; 556: 65-74.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Bhattacharya S., Natural antimutagens: A
review., Res J Med Plant., 2011; 5: 116-
126.

Nag D, Ghosh M, Mukherjee A.,
Antimutagenic and genoprotective effects
of Saraca asoca bark extract., Toxicol Ind
Health., 2015; 31: 696-703.

Rhee KH., Cyclic dipeptides exhibit
synergistic, broad spectrum antimicrobial
effects and  have
properties., Int J Antimicrob Agents.,
2004; 24: 423-427.

Arora DS, Chandra P., In vitro antioxidant
potential of some soil fungi: screening of
functional ~ compounds  and  their
purification from Penicillium citrinum.,
Appl Biochem Biotechnol., 2011; 165:
639-651.

Arora DS, Onsare JG., In vitro
antimicrobial evaluation and
phytoconstituents of Moringa oleifera pod
husks., Ind Crops Prod., 2014; 52: 125-
135.

Kaur H, Arora DS, Sharma V., Isolation,
purification, and
antimicrobial compound 6-[1,2-dimethyl-
6-(2-methyl-allyloxy)-hexyl]-3-(2-
methoxy-phenyl)-chromen-4-one from
Penicillium sp. HT-28., Appl Biochem
Biotechnol., 2014; 173: 1963-1976.

Zahin M, Aqil F, Ahmad 1., Broad
spectrum  antimutagenic  activity  of
antioxidant active fraction of Punica
granatum L. peel extracts., Mutat Res
Genet Toxicol Environ Mutagen., 2010;
703: 99-107.

Zahin M, Ahmad I, Gupta RC, Aqil F.,
Punicalagin and ellagic acid demonstrate
antimutagenic activity and inhibition of
benzo [a] pyrene induced DNA adducts.,
BioMed Res Int., 2014; 2014: 1-10.
Edenharder RV, Von Petersdorff I,
Rauscher R., Antimutagenic effects of
flavoniods, chalcones and structurally
related compounds on the activity of 2-

anti-mutagenic

characterization of

amino-3-methylinidazo [4, 5-f] quinoline
(IQ) and other heterocyclic
mutagens from cooked food., Mutat Res.,
1993;287: 261-274.

Kappus H., Overview of enzyme systems
involved in bioreduction of drugs and in

amine

Ind Res J Pharm & Sci|2018: Sept.: 5 (3) BIKELR



ndian Research Journal of Pharmacy and Science; Editorial; ). Kawr et.al

Sept’'18

57.

58.

59.

60.

61.

62.

63.

64.

redox cycling.,, Biochem Pharmacol,
1986; 35: 1-6.

Parke DV, lToannides C, Lewis DF., The
1990  Pharmaceutical =~ Manufacturers
Association of Canada keynote lecture.
The role of the cytochromes P450 in the
detoxication and activation of drugs and
other chemicals., Can J Physiol
Pharmacol., 1991; 69: 537-549.

Zengin G, Uysal A, Gunes E, Aktumsek
A., Survey of phytochemical composition
and biological effects of three extracts
from a wild plant (Cotoneaster
nummularia Fisch. et Mey.): A potential
source for functional food ingredients and
drug formulations., PloS One., 2014; 9:
el13527.

Schwarz D, Kisselev P, Schunck WH,
Roots 1., Inhibition of 17B- estradiol
activation by CYPIAIL: genotype-and
regioselective inhibition by St. John's
Wort and several natural polyphenols.,
Biochim Biophy Acta., 2011; 1814: 168-
174.

Yen GC, Chen HY., Antioxidant activity
of various tea extracts in relation to their
antimutagenicity., J Agric Food Chem.,
1995; 43: 27-32.

Del-Toro-Sanchez CL, Bautista-Bautista
N, Blasco-Cabal JL, Gonzalez-Avila M,
Gutierrez-Lomeli M, Arriaga-Alba M.,
Antimutagenicity of methanolic extracts
from Anemopsis californica in relation to
their antioxidant activity., Evid Based
Complement Alternat Med., 2014; 2014:
1-8.

Sarac N, Sen B., Antioxidant, mutagenic,
antimutagenic activities, and phenolic
compounds of Liquidambar orientalis
Mill. var. orientalis., Ind Crops Prod.,
2014; 53: 60-64.

Tanaka M, Kuei CW, Nagashima Y,
Taguchi T., Application of antioxidative
maillrad reaction products from histidine
and glucose to sardine products., Nippon
Suisan Gakk., 1998; 47: 1409-1414.
Basgedik B, Ugur A, Sarac N,
Antimicrobial, antioxidant, antimutagenic
activities and phenolic compounds of Iris
germanica., Ind Crops Prod., 2014; 61:
526-530.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Sarac N, Ugur A, Sen B., In vitro
antimutagenic activity of Vitex
agnuscastus L. essential oils and ethanolic
extracts., Ind Crops Prod., 2015; 63: 100-
103.

Demain AL, Sanchez S., Microbial drug
discovery: 80 years of progress.,J
Antibiot., 2009; 62: 5-16.

Livermore DM., British Society for
Antimicrobial Chemotherapy Working
Party on The Urgent Need: regenerating
antibacterial ~ drug  discovery  and
development. Discovery research: the
scientific challenge of finding new
antibiotics., J Antimicrob Chemother.,
2011; 66: 1941-1944.

Rabah FL, Elshafei A, Saker M, Cheikh B,
Hocine H., Screening, isolation and
characterization of a novel antimicrobial
producing actinomycete, strain
RAF10., Biotechnol., 2007; 6: 489-496.
Arasu MV, Duraipandiyan V, Agastian P,
Ignacimuthu S., Antimicrobial activity of
Streptomyces spp. ERI-26 recovered from
Western Ghats of Tamil Nadu., ] Mycol
Med., 2008; 18: 147-153.

Singh LS, Mazumder S, Bora TC.,
Optimisation of process parameters for
growth and bioactive metabolite produced
by a salt-tolerant and alkaliphilic
actinomycete, Streptomyces tanashiensis
strain A2D., J Mycol Med., 2009; 19:
225-233.

Elleuch L, Shaaban M, Smaoui S,
Mellouli L, Karray-Rebai I, Fguira LFB,
Shaaban KA, Laatsch H., Bioactive
secondary metabolites from a new
terrestrial Streptomyces sp. TN262., Appl
Biochem Biotechnol., 2010; 162: 579-593.
Thumar JT, Dhulia K, Singh SP., Isolation
and partial purification of an antimicrobial
agent from halotolerant alkaliphilic
Streptomyces aburaviensis strain  Kut-
8., World J Microbiol Biotechnol., 2010;
26:2081-2087.

Pugazhvendan SR, Kumaran S, Alagappan
KM, Prasad G., Inhibition of fish
bacteriology pathogens by antagonistic
marine actinomycetes., Eur J Appl Sci.,
2010; 2: 41-43.

Baskaran R, Mohan PM, Sivakumar K,
Kumar A., Antimicrobial activity and

Ind Res J Pharm & Sci|2018: Sept.: 5 (3) FISELE



ndian Research Journal of Pharmacy and Science; Editorial; ). Kawr et.al

Sept’'18

75.

76.

77.

78.

79.

80.

81.

82.

83.

phylogenetic analysis of Streptomyces
parvulus DOSMB-D105 isolated from the
mangrove
Islands., Acta Microbiol Immunol Hung.,
2016; 63: 27-46.

Ilic SB, Konstantinovic SS, Todorovic
ZB, Lazic ML, Veljkovic VB, Jokovic N,
Radovanovic BC., Characterization and
antimicrobial activity of the bioactive
metabolites in streptomycete
isolates., Microbiology., 2007; 76: 480-
487.

Al-Hulu SM, Al-Charrakh AH, Jarallah
EM., Antibacterial activity of
Streptomyces gelaticus isolated from Iraqi
soils., Med J Babylon., 2011; 8: 404-411.
Sosovele EM, Lyimo TJ, Hosea KM., In
vitro antimicrobial activity of extracts
from marine Streptomyces isolated from
mangrove sediments of Tanzania., J
Biochem Techno., 2012; 3: 431-435.
Ramazani A, Moradi S, Sorouri R, Javani
S, Garshasbi M., Screening for
antibacterial activity of Streptomyces
species isolated from Zanjan province,
Iran., Int J Pharm Chem Biol Sci., 2013;
3:342-349,

Kekuda PTR., Dileep N, Junaid S, Rakesh
KN, Mesta SC, Onkarappa R., Biological
activities of Streptomyces species SRDP-
07 isolated from soil of Thirthahalli,
Karnataka, India., Int J Drug Dev Res.,
2013; 5: 268-285.

Gurung TD, Sherpa C, Agrawal VP,
Lekhak B., Isolation and characterization
of antibacterial actinomycetes from soil
samples of Kalapatthar, Mount Everest
Region., Nepal J Sci Technol., 2009; 10:
173-182.

Al-Zahrani SH., Studies on the
antimicrobial activity of Streptomyces sp.
isolated from Jazan., Science., 2007; 19:
127-138.

sediments of Andaman

Choi HJ, Kim DW, Choi YW, Lee YG,
Lee YI, Jeong YK, Joo WH., Broad-
spectrum in vitro antimicrobial activities
of  Streptomyces sp. strain BCNU
1001., Biotechnol Bioprocess Eng., 2012;
17: 576-583.

Hunadanamra S, Akaracharanya A,
Tanasupawat S., Characterization and

84.

85.

86.

87.

88.

89.

90.

91.

antimicrobial activity of Streptomyces
strains from Thai mangrove soils., Int J
Bioassays., 2013; 2: 775-779.

Nguyen TM, Kim J., Antifungal and
antibacterial activities of Streptomyces
polymachus sp. nov. isolated from soil.,
Int J Syst Evol Microbiol., 2015; 65:
2385-2390.

Dezfully NK, Ramanayaka JG., Isolation,
identification and  evaluation  of
antimicrobial activity of Streptomyces
flavogriseus, strain ACTK2 from soil
sample of Kodagu, Karnataka State
(India)., Jundishapur J Microbiol., 2015;

8:e15107.

Khamna S, Yokota A, Lumyong S.,
Actinomycetes isolated from medicinal
plant rhizosphere soil: diversity and
screening of antifungal compound, indole-
3-acetic acid and siderophore production.,
World J Microbiol Biotechnol., 2009; 25:
649-655.

Nimnoi P, Pongsilp N, Lumyong S.,
Endophytic actinomycetes isolated from
Aquilaria crassna Pierreex Lec and
screening of plant growth promoters
production., World J Microbiol
Biotechnol., 2010; 26: 193-203.

Verma VC, Singh SK, Prakash S., Bio-
control and plant growth promotion
potential of  siderophore  producing
endophytic Streptomyces from
Azadirachta indica A. Juss., ] Basic
Microbiol., 2011; 51: 550-556.

Passari AK, Mishra VK, Gupta VK,
Yadav MK, Saikia R, Singh BP., In vitro
and in vivo plant growth promoting
activities and DNA fingerprinting of
antagonistic endophytic actinomycetes
associates with medicinal plants., PLoS
One., 2015; 10: e0139468.

Brown ME., Plant growth substances
produced by microorganisms of soil and
rhizosphere., J Appl Bacteriol., 1972; 35:
443-451.

Merckx R, Dijkra A, Hartog AD, Veen
JAV., Production of root-derived material
and associated microbial growth in soil at
different nutrient levels., Biol Fertil Soils.,
1987; 5: 126-132.

Ind Res J Pharm & Sci|2018: Sept.: 5 (3)

1587



ndian Research Journal of Pharmacy and Science; Editorial; ). Kawr et.al

Sept’'18

92.

93.

94.

9s.

Goudjal X, Toumatia O, Sabaou N,
Barakate M, Mathieu F, Zitouni A.,
Endophytic actinomycetes from
spontaneous plants of Algerian Sahara:
indole-3-acetic acid production and
tomato plants growth promoting activity.,
World J Microbiol Biotechnol., 2013; 29:
1821-1829.

Khamna S, Yokota A, Peberdy IJF,
Lumyong S., Indole-3-acetic  acid
production by Streptomyces sp. isolated
from some Thai medicinal plant
rhizosphere soils., EurAsian J
BioSciences., 2010; 4: 23-32.

Pornthip R, Nuchanart T, Kevin H,
Saisamorn L., Actinomycetes and fungi
isolated from plant-parasitic nematode
infested soils: screening of the effective
biocontrol potential, indole-3-acetic acid
and siderophore production.,, World J
Microbiol Biotechnol., 2010; 26: 1569-
1578.

Merriman PR, Price RD, Kollmorgen JF,
Piggott T, Ridge EH., Effect of seed
inoculation with Bacillus subtilis and
Streptomyces griseus on the growth of

96.

917.

98.

99.

cereals and carrots., Aust J Agric Res.,
1974;25:219-226.

Gopalakrishnan S, Srinivas V, Alekhya G,
Prakash B., Effect of plant growth-
promoting Streptomyces sp. on growth
promotion and grain yield in chickpea
(Cicer arietinum L)., 3 Biotech., 2015a; 5:
799-806.

Gopalakrishnan S, Srinivas V, Alekhya G,
Prakash B, Kudapa H, Rathore A,
Varshney R.K., The extent of grain yield
and plant growth enhancement by plant
growth-promoting broad-spectrum
Streptomyces sp. in chickpea.,
Springerplus., 2015b; 4: 31.

Kijine J., Leciting-enhanced acumulation
of  manganese  limite
leguminosarum cells on pea root hair tips.,
] Bacteriol., 1988; 170: 2994-3000.

Rhizobium

Kortemaa H, Rita H, Haahtela K,
Smolander, A., Root-colonization ability
of antagonistic Streptomyces
griseoviridis., Plant Soil., 1994; 163: 77-
83.

CONFLICT OF INTEREST REPORTED: NIL ;

SOURCE OF FUNDING: NIL

Ind Res J Pharm & Sci|2018: Sept.: 5 (3) BISLL



