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ANTIOXIDANT ACTIVITY OF 1-HYDROXY-1-NORRESISTOMYCIN
DERIVED FROM STREPTOMYCES VARIABILIS KP149559 AND
EVALUATION OF TOXICITY AGAINST ZEBRA FISH DANIO RERIO

V. Ramalingam and R. Rajaram*

It is a known fact that marine actinomycetes are potential source of bioactive compounds. But toxicity evaluation of those
bioactive compounds is lacking in numbers. To emphasize the problem, the present study aims to produce and
characterize the bioactive compounds from Streptomyces variabilis and to evoluate its toxicity against human model
system Danio rerio. The ethyl acetate was used to extract bioactive compounds from culture supernatant of S. variabilis
and assessed antimicrobial activity against human clinical pathogens. Thin layer chromatography of ethyl acetate extract
showed six fractions and all fractions were purified by column chromatography. Among six fractions assessed for
antimicrobial activity, fraction 4 (F4) has excellent activity and selected for characterization. Further, F4 was identified as
1-Hydroxy-1-norresistomycin (HNM) using FT-IR, GC-MS, *H NMR and ¢ NMR and its chemical struture was confirmed
with previous reports. In vitro antioxidant activity revealed that HNM can act as a potential scavenger of cancer inducing
molecules such as DPPH, hydrogen peroxide and hydroxyl radical. Moreover, toxicity evaluation against Zebra fish showed
that HNM induces no toxicity in major organs of D. rerio such as heart, liver, kidney, intestine, gills and minimal toxicity in

spleen.

Keywords Streptomyces variabilis, antimicrobial activity, antioxidant activity, Toxicity, Danio rerio

1. Introduction

Ocean covers more than 70% of Earth surface, contains diverse
of biological sources accounting more than 95% of global
ecosystemsl. Amongst, marine microorganisms encompass a wide
and diverse assemblage of organisms in global ecosystem, of which
it is estimated that only 1% has been cultured or identified®>. In
recent years, researchers focusing on marine actinomycetes due to
its excellent metabolic and physiological potential that not only
assures high growth at extreme habitats, but also offers the
capability to produce secondary metabolites with biological
activities that would not be available in terrestrial microorganismsA'

These naturally occurred marine actinomycetes derived
secondary metabolites are trapped through high-throughput
screening and fermentation, mining genomes for cryptic pathways
and combinational biosynthesis to produce new secondary
metabolites related to existing pharmacophoress.

In case of marine actinomycetes there have already been
several attempts to optimize their isolation and growth from
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several sources’”. Development of fermentation process for
production of bioactive compound from marine actinomycetes with
excellent applications is fascinating now—a—dayslo'n. Although more
than 30,000 diseases have been clinically described, less than one
third of disease can be treated symptomatically and fewer can be
cured®?. Natural products play a major role in drug discovery as
secondary metabolites by many organisms act as effective drug for
many human diseases™. Exploitation of marine actinomycetes as a
source for discovery of novel secondary metabolites is at an early
stage, numerous novel metabolites have been isolated in the past
decade™. Around 23,000 bioactive secondary metabolites produced
by microorganisms and 70% secondary metabolites are produced
by actinomycetes, 20% from fungi, 7% from Bacillus spp. and 1-2%
by other bacteria. Among actinomycetes, around 10,000
compounds are produced by Streptomyces species15 and many of
these secondary metabolites are potent antibiotics which has made
primary antibiotic-producing organisms
exploited by pharmaceutical industry.

The rare actinomycetes produce unique,
unprecedented, sometimes very complicated compounds exhibiting
excellent bioactive potency with low toxicityls. Various
antimicrobial substances from actinomycetes have been isolated
including aminoglycosides, anthracyclines,
glycopeptides, beta-lactams, macrolides, nucleosides, peptides,
polyenes, polyesters, polyketides, actionomycins and
tetracyclines”. Adriamycin, also called doxorubicin (DOX), is an

streptomycetes the

diverse and

and characterized

antibiotic anthracycline that was isolated from a pigment of
Streptomyces peacetius has been employed for more than 30 years
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in the battle against cancer’®®. On other hand, chronic effects may
develop several weeks or even months after recurrent
administration of drug, provoking heart, liver, brain or kidney injury
in chemotherapy given cancer patients as well as animal models.
Since cardiomyocytes, as well as neurons, are post-mitotic cells, the
vast majority of damage is irreversible and unalterably affects
cardiac and brain functions®®*. To overcome this problem, the
researchers focusing on the production of bioactive compounds
from natural resources with less toxicity. In this connection, the
present study aims for the production and characterization of
bioactive compound from Streptomyces variabilis and evaluate the
toxicity against human model system Danio rerio. Further, anti-
oxidant activity of identified compound was determined through
various in vitro assays.

2. Results

2.1. Antimicrobial activity of ethyl acetate extract

Among 21 actinomycetes isolated from coral mucus, S. variabilis
was dominant in nature and selected for mass culture toproduce
bioactive compounds.After 7 days culture of actinomycete in ISP2
medium, the fermentation was terminated and centrifuged at
10000 rpm for 10 min. Ethyl acetate was used to extract the
bioactive compounds from culture supernatant of actinomycetes.
Antimicrobial activity of crude ethyl acetate extract was assessed
against selected human pathogens using disc diffusion test. The
results showed excellent antimicrobial activity against all tested
pathogens (Fig. 1a). The crude extract of S. variabilis showed
antimicrobial activity against E. coli (19mm), V. cholerae (21mm), K.
pnemoniae (17mm), P. aeruginosa (24mm), Enterobacter sp.
(23mm) and Streptococcus sp. (20mm). This finding indicated that
crude ethyl acetate extract of S. variabilis has potential bioactive
compounds and inhibit the growth of clinical human pathogens.
2.2. TLC chromatogram and antimicrobial activity

The crude ethyl acetate extract was chromatographed on silica
gel for separation of compounds using methanol: ethyl acetate:
chloroform (4:4:2) solvent system. The separated compounds were
purified in column chromatography and tested for antimicrobial
activity against selected human pathogens. A total of six fractions
(Fig. 1b) were obtained in ethyl acetate extract of S. variabilis and
assessed for antimicrobial activity. The results showed that
fractions 2 and 6 has good antimicrobial activity against all tested
pathogen while fraction 1 and 3 did not showed any antimicrobial
activity and moderate activity was observed in fraction 5 against
few selected pathogens. Among six fractions, fraction 4 (F4) showed
excellent antimicrobial activity (Fig. 1c) against E. coli (16mm), V.
cholerae (18mm), K. pnemoniae (13mm), P. aeruginosa (20mm),
Bacillus spp. (23mm), Enterobacter sp. (21mm) and Streptococcus
sp. (26mm). The results confirmed that purified compound (F4)
from S. variabilis has excellent antimicrobial activity and F4 was
selected for further characterization.
2.3. FT-IR

The F4 from S. variabilis showing high antimicrobial activity was
purified using column chromatography and analyzed for FT-IR
characterization. The F4 indicated the presence of =C-H bend at 760
cmfl, C-H stretch, C-N stretch, C-C stretch and C=0 stretch at range
of 1089, 1324, 1590 and 1684 em™® (Fig. 2a). FT-IR results suggested
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that functional groups present in F4 may possibly influence
antimicrobial and anti-oxidant activity.
2.4. GC-MS

GC-MS analysis of F4 showed 15 volatile substances were
carefully identified on the basis of their mass spectral properties as
compared with NIST database. Among 15 volatile compounds, the
compound 1-Hydroxy-1-norresistomycin was obtained at retention
value of 38.017 RT and occupied about 97.24% of relative area
revealing that theidentified compound was single and pure (Fig.
2b).
2.5. NMR

The F4 obtained from actinomycetes strain S. variabilis was
characterized using 'H NMR and **C NMR to elucidate the structure
of compound. 'H NMR spectrum of purified compound showed two
hydroxyl groups at region of & 12.228 and & 10.944, aromatic
groups at & 7.692 — 6.864. The four methoxy signal at 6 3.814,
3.692, 3.560 and 3.523 and two aromatic methyl group at 6 2.515
and 2.321 (Fig. 3a). 3¢ NMR spectrum showed two carbonyl
carbons at 173 and 136 ppm bearing with double bonded oxygen,
seven addition aromatic carbons at region between 108-127 ppm
and methyl carbon signals were obtained at region of 31-40 ppm
(Fig. 3b). From the above characterization viz. FT-IR, GC-MS, H
NMR and “C NMR, F4 obtained from actinomycetes strain S.
variabilis was identified as 1-Hydroxy-1-norresistomycin (HNM) and
molecular formula was C,;H;,05 (Fig. 4). The results were compared
with previous reports (Kock et al., 2005; Gorajana et al., 2005) and
structure of HNM was predicted using Chemdraw (Ver. 15).
2.6. Anti-oxidant activity

The efficacy of HNM in scavenging of oxidative stress and
cancer inducing molecules was assessed via. DPPH radical
scavenging activity, Hydrogen peroxide scavenging activity,
Hydroxyl radical scavenging activity and Reducing power.
2.6.1. DPPH scavenging activity

DPPH radical scavenging is one of the prominent methods to
study the efficiency of scavenging activity of natural compounds by
scavenging the oxidization through providing hydrogen atoms and
formed non-radical DPPH. The color changed from purple to yellow
is the primary confirmation of scavenging process and mixture after
reaction was read at 517nm. DPPH scavenging activity was
increased with increase concentration of HNM (50-500 pg/ml).
About 82% of DPPH was scavenged at 500 pg/ml concentration of
HNM and 300 pg/ml concentration was identified as IC5, for
purified compound HNM (Fig. 5a). These results indicated that HNM
can act as potential DPPH scavenger by donating hydrogen atoms.
2.6.2. Hydrogen peroxide scavenging activity

Scavenging of hydrogen peroxide is an important process of
natural drugs and plays a key role in oxidative stress by increasing
ROS level in cells. The purified compound was scavenged the
H,O,by dose (50-500 pg/ml) dependent manner and results
indicated that H,0, scavenging activities of purified compound was
nearly equal to commercial antioxidant BHT at higher concentration
(500 pg/ml) tested. Almost 76% (Fig. 5b) of H,0, was scavenged at
higher concentration of HNM and ICs, concentration was
determined as 400 pg/ml. The conclusion of these findings shows
that HNM plays a key role in scavenging ROS inducing molecule
DPPH.
2.6.3. Hydroxyl radical scavenging activity

This journal is © The Royal Society of Chemistry 20xx
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Hydroxyl radicals are one of the most hazardous molecules
among radicals that can damage the normal cells and causes
cancer. In this study, HNM scavenged about 75% of hydroxyl radical
was scavenged at 500 pg/ml (Fig. 6a) and 350 pg/ml of HNM was
determined as ICsp. This IC5o concentration of HNM was balanced to
BHT (350 pg/ml) in scavenging the hydroxyl radicals.

2.6.4. Reducing power

Reducing the power of ferric chloride is also an important assay
to prove antioxidant potential of natural drug. In relation to this,
HNM reduced 81% (Fig. 6b) power of ferric chloride at 500ug/ml
concentration indicated the HNM was found to be an excellent
reducing power ability and also lesser than commercial antioxidant
BHT at 500ug/ml.

2.7. Histopathological study

The mortality of experimental fish D. rerio a human model
system was observed after 21 days exposure of 500 pg/L
concentration of HNM. The results showed that less number of
mortality (>5%) was observed after 21 days. The histopathology of
zebra fish organs such as heart, liver, kidney, spleen, intestine and
gills were analyzed. There is no evidence for significant
morphological changes in control and HNM treated of heart after
21 days (Fig. 7a & 7b). Normal morphological structure such as liver
parenchyma, clear hepatic cords and centered nuclei were detected
in control as well as HNM exposure liver (Fig. 7c & 7d). The well-
structured glomerular capillariae, mesengial cell hypertrophy,
matrixes, Bowman’s capsule layers and Bowman’s spaces were
observed in water (control) and HNM treated kidney of human
model system D. rerio (Fig. 7e & 7f). After 21 days, in control HNM
treated intestine has well structure of basal lamina, connective
tissues, lumen, structured epithelium and vacuoles were observed
(Fig. 8a & 8b). But, there are morphological changes such as
disorder in ellipsoid cells, increase the number and size of
melanomacrophage centers, cloudy swelling was observed in
spleen of zebra fish after HNM exposure while there is no apparent
changes was detected in control fish (Fig. 8c & 8d). The normal
strips of primary and secondary lamellae with epithelial and
chloride cells were present in both control and HNM exposure gills
of D. rerio (Fig. 8e & 8f).

3. Discussion

Oceans with their diverse life forms cover around 70% of earth’s
surface and their milieu of environment was quite differ from
nutrient-abundant regions to nutritionally sparse locations where
only a few microorganisms can survive. Among microorganisms,
actinomycetes have been recognized as potential producers of
metabolites such as antibiotics, growth promoting substances for
plants and animals, immunomodifiers, enzyme inhibitors and many
other compounds of use to man. Isolation of new microbial species
from unexplored environments is one of more efficient approaches
for development of potential novel bioactive metabolites?> .

A potent actinomycete S. variabilis was isolated from
unexplored marine organism i.e. the mucus of Scleractinia coral A.
formosa. Initially, ethyl acetate extract of S. variabilis was screened
for antimicrobial activity against selected human clinical pathogens
and results showed actinomycetes were produced antimicrobial
secondary metabolites. Ethyl acetate extract of actinobacteria

This journal is © The Royal Society of Chemistry 20xx
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showed maximum antimicrobial activity than methanol and ethanol
extracts® while acetone extracts has potential antimicrobials and
proper fermentation process reveals to bring out new class of
antibiotics from actinomyceteszs.

The biomolecules present in ethyl
separated through TLC, F4 showed better antimicrobial activity
among obtained six fractions. The bio-autography of separated
fractions is employed to detect single compound is responsible for
antibacterial activityzs. Fraction VI was selected for compound
characterization owing to excellent antimicrobial activity among
tested seven purified fractions obtained in TLCY.

The F4 obtained from S. variabilis was characterized using FTIR,
GC-MS and NMR. The FT-IR analysis of Streptomyces sp. showed the
presence of alkyl halides, alcohol and aldehyde groupszg. IR
spectrum analysis indicated the presence of hydroxyl (3398 cm'l),
carbonyl (1685 cm'l), aromatic system (1619, 1589 cm'l) and ether
groups (1166 cm'l)zg. In connection to this, IR spectrum of F4 from
S. variablis showed the functional groups that may possibly involve
in antimicrobial and anti-oxidant activity and also as valuable
support for structure prediction of purified compound.

GC-MS spectral analysis of ethyl acetate extract of Streptomyces
ruber showed the presence of Phthalic acid at 21RT with 91% of
relative abundance®. Among 11 compounds obtained from
Streptomyces lavendulae using GC-MS analysis the compound
Actinomycin was identified as abundant that showed 7.12% of
relative abundance®’. The present study also reveals the 1-Hydroxy-
1-norresistomycin was identified using GC-MS analysis from S.
variabilis with 38.07RT with 97.24% of relative area.

The structure elucidation of F4 was predicted by analyzing the
'H NMR and **C NMR and results confirmed that the compound was
1-Hydroxy-1-norresistomycin. 'H NMR and *C NMR spectroscopy
analysis of bioactive compound obtained from Streptomyces
chibaensis showed the presence of three aromatic singlets, hydroxyl
group attached to cyclic compound, methyl group and two carbonyl
group32. NMR and EI HRMS spectroscopy of Streptomyces strain
B8005 were confirmed the structure of 1-Hydroxy-1-
norresistomycin and showed the presence of three hydroxyl and
aromatic groups in 'Y NMR and aliphatic quaternary and
hydroxylated carbon in 3¢ NMR,

The antioxidant activity of HNM was assessed using four
different methods and compared with commercial antioxidant BHT.
The results indicated HNM has equivalent activity with BHT which
reveals HNM has potential antioxidant activity. Increase the
concentration of 5-(2,4-dimethylbenzyl)pyrrolidin-2-one
gradually increase DPPH scavenging activity34. DPPH assay is a
prominent method to assess free radical scavenging ability of
natural compounds by donating hydrogen atoms or electrons and
neutralize free radicals®®. Coral associated actinomycetes has
potential source of antioxidant showing high hydrogen peroxide
and nitric oxide scavenging activity that useful in preventing the
progress of various oxidative stress related disorders®.

Histopathology is a basic technique in aquatic toxicity to provide
helpful information for identifying the effect of drug on various
organs of experimental animal and its mechanism of injuries due to
enhanced sensitivity of histological monitoring compared with
other toxicological parameters such as mortality, behavior and
other physiological change537. In this study, histological parameters

acetate extract was

could
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were monitored after 21 days exposure with HNM and results
suggested that HNM induced minor morphological changes in
spleen. Spleen is the major lymphatic organ where the clearance of
blood takes place. The morphological changes in spleen due to the
effective interaction of HNM with immune cells and lymph nodes of
fish. As well as, there is no morphological changes observed in HNM
treated heart, kidney, liver, intestine and gills. Due to potential
antioxidant activity of HNM may not cause oxidative damage and
morphological changes in major organs of D. rerio.

4. Materials and Methods

4.1. Collection of samples

Mucus samples of Acroporaformosa were collected from coral
reef of Gulf of Mannar, Keelakarai Coast, Southeast Coast of India
(Latitude 9.230157 and Longitude 78.785454). All corals appeared
to be healthy during collection and mucus samples were collected
in eco-friendly manner with sterile swabs that were placed in 15 ml
sterile tubes. Mucus samples of 1cm? coral surface area was taken
and placed back inside the empty tubes®®. All collected samples
were transferred to laboratory for further work.
4.2. Isolation of actinomycetes

The mucus swab samples were transferred to sterile tubes with
1ml autoclave-sterilized artificial seawater (ASW), in a sterile hood.
The mucus samples were suspended in ASW by vigorous vortexing
for 3 min. Representatives of each colony morphotype were
isolated using standard serial dilution and plating techniques in
triplicate on starch casein agar prepared in 50% of seawater. To
prevent fungal and bacterial contaminants, Cycloheximide (100
mg/L) and Nalidixic acid (20 mg/L) were added respectively to
medium. All plates were incubated at 28+2°C, corresponding to
ambient seawater temperature for 3-7 days and colonies were
observed from 5 day onwards upto one month®*. Strains of marine
actinomycetes were picked out and purified by repeated streaking
on yeast extract-malt extract agar (ISP2) medium. The pure strains
were cultivated and 30% of glycerol stocks were prepared in Marine
Broth and maintained at -20°C. There are six different culture media
such as Tyrosine’s broth (ISP-7), Starch casein broth, Yeast malt
extract broth (ISP-2), Peptone yeast extraction iron broth (ISP-6),
Glycerol asparagine broth (ISP-5) and Nutrient broth was used for
isolation of actinomycetes. Totally 21 actinomycetes were isolated
from coral mucus and named as A.f —1to A.f—21.
4.3. Isolation of genomic DNA and 16S rRNA amplification

Among 21 actinomycetes, isolate A.f — 2 was dominant in
nature and selected for production of bioactive metabolites
through mass cultivation. The pure culture of A.f — 2 strain was
cultured in Zobell Marine broth for 24 hrs and centrifuged at 5000
rpm for 5 min. Bacterial genomic DNA was isolated according to the
previous method® and 16S rRNA gene was amplified by following
previous method®. Two primers were selected for PCR
amplification experiments, forward primer 5'-
AGAGTTTGATCCTGGCTCAG-3' (Escherichia coli positions 8-27) and
actinomycetes specific reverse primer 5'-
CCGTACTCCCCAGGCGGGG-3'*. The reaction was carried out in 25
pl volume containing 1x PCR buffer, 1.5 mM MgCl,, 2 mM dNTP
mixture, 1 uM of each primer, 1 ul of Pfu DNA polymerase enzyme
and 1 ng of template DNA. PCR amplification was performed as
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following: initial denaturation at 95°C for 5v min, followed by 25
cycles each of 94°C for 1 min, 55°C of annealing for 45 sec, and a 45
sec extension at 72°C. The PCR products were purified using Ultra
Clean PCR clean up (Mo-Bio) spin columns, and submitted to
Chromous Biotech sequencing facility (Model: ABI3730XL, Applied
Biosystems). Sequences were submitted to NCBI database
(KP149559) and 98% of similarity was obtained during Blast
analysis.

4.4. Production of bioactive compounds

S. variabilis was cultured in 2L Erlenmeyer flask containing ISP2
medium under aseptic condition and incubated for 7 days at 28°C in
rotary shaker at 250 rpm. After maximum antibiotic production was
observed, incubation was terminated and culture was centrifuged
at 10000 rpm for 20 min to separate mycelial biomass™.

4.5. Ethyl acetate extraction of bioactive metabolites

As per earlier report‘u, ethyl acetate was found to be an
excellent polar solvent to extract bioactive compounds from cell
free supernatant of actinomycetes. Ethyl acetate was added with
supernatant (2x100ml) and mixture was agitated for 1 hr with
homogenizer. The ethyl extract was centrifuged at 6000 rpm for 15
min to remove traces of fermentation broth. The crude solvent
extract was used to assess antimicrobial activity against human
pathogens using disc diffusion method.

4.6. Characterization of solvent extracts
4.6.1. Thin layer chromatography (TLC)

The ethyl acetate extract of S. variabilis showing antimicrobial
activity was separated by TLC using methanol: ethyl acetate:
chloroform (4:4:2) solvent system. The fractions were separated
and purified by loading in column. The adsorbed compound was
eluted with methanol and water (1:1) under a flow rate of 4ml/min.
Each fraction (1 ml) were collected separately and tested for
antimicrobial activity. The active fractions collected,
evaporated, purified in same column chromatography and again
tested for bioassay activities.

4.6.2. Fourier Transform Infrared Spectrophotometer (FTIR)
FTIR spectrum analysis was carried out to determine the

were

influence of possible biomolecules that involved in antimicrobial
activity. The purified fractions were completely dried and blended
with KBr to obtain a pellet. FTIR spectra were collected at resolution
of 4 em™ in transmission mode range between 4000-400 em? using
a SAM-AV spectrum (Model — Spectrum RXI).

4.6.3. Gas Chromatography-Mass Spectrometry (GC-MS)

The purified F4 was characterized by GC-MS using Shimadzu QP-
2010 Plus with Thermal Desorption System TD 20 instrument at GC
column oven temperature 70°C, injector temperature 200°C at spilt
mode ratio 40 with a flow rate of 1.51 ml/min. The MS with ion
source temp 200°C, interface temp: 260°C, scan range: 40-1000
m/z, event time 0.5 sec, solvent cut time: 5 min, MS start time: 5
min, MS end time: 40 min, ionization: EI (-70ev).

4.6.4. Nuclear Magnetic Resonance (NMR)

F4 fraction obtained from actinomycetes isolate S. variabilis was
further characterized by Nuclear Magnetic Resonance (NMR). The
purified compound (5 mg) was dissolved in 5ml of deuterated
DMSO and analyzed for 'H NMR and *C NMR using 500 MHz NMR
Spectrometer with solid state attachment (CP-MAS) - Bruker Avance
1.

4.7. Antioxidant activity

This journal is © The Royal Society of Chemistry 20xx
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4.7.1. DDPH assay

Free radical scavenging effect was estimated according to earlier
method®. Briefly, 1 mM solution of DPPH (1,1, Diphenyl-2-Picryl
hydrazyl) was prepared in methanol, and 1ml of this solution was
mixed with different concentrations of F4 (50-500 pg/ml). The
mixture was vortexed vigorously and left for 30 min at room
temperature in dark and absorbance (OD) was measured at 517 nm
using UV-spectrophotometer (UV 1800, Shimadzu, Japan). The
antioxidant BHT was used as a positive control in all assays.
4.7.2. H,0, scavenging activity

Hydrogen peroxide scavenging activity was measured by
incubating the reaction mixture contains various concentrations of
purified compound (1 ml), 2.5 ml of phosphate buffer (pH 7.4; 100
mM) and 400 pl of H,0, (5 mM) for 20 min*. After incubation,
reaction mixture was read at 610nm. For each and every
experiment, mixture without sample was considered as blank and
ascorbic acid was used as control.
4.7.3. Hydroxyl radical scavenging activity

Hydroxyl Radical Scavenging Activity (HRSA) of F4 was evaluated
as described previously“with slight modifications. 100ul of
different concentrations of purified compound was dissolved in
buffer (0.6ml of PO, buffer (pH 7.4), 10mM deoxy ribose and
170mM EDTA) and reaction was initiated by adding 100ul of
ascorbic acid (2mM) and 100pl of 10mM H,0,. After incubation at
80-90°C for 20 min, the reaction was stopped by addition of 1ml of
TCA (1%) and heated in a boiling water bath for 5 min. The amount
of pink colored chromogen was measured at 532 nm against
reaction mixture without sample as blank and ascorbic acid as
control.
4.7.4. Reducing power

The various concentrations of purified compound (1ml) was
dissolved into 0.2 M phosphate buffer (pH 6.6) with 1% of
potassium ferricyanide (2.5 ml) and mixed vigorously. After
incubation at 50°C for 20 min, reaction was terminated by adding
1ml of 10% TCA. The reaction mixture was centrifuged at 3000 rpm
for 15 min and ferric chloride was dissolved in to supernatant. The
resultant solution was recorded at 700 nm using UV
spectrophotometer against ascorbic acid as control and reducing
power was calculated®®.
4.8. Experimental design for acute toxicity assessment and
histological study

The experimental animal Danio rerio, a human model system
was collected from local fish market and maintained under
laboratory conditions. The light illumination was at normal (12 hr
light and 12 hr dark) and temperature was maintained at 28+2°C
throughout the study period. For acute toxicity experiment, the
adult fish (12 numbers) were stocked in 10L tank and exposed to
500 pg/L of HNM for 21 days. The water was changed at every 24hr
and mortality was monitored daily. A control experiment setup was
also maintained without addition of HNM. After 21 days of sub-
lethal exposure, the experimental and control fishes were sacrificed
and heart, kidney, liver, intestine, spleen and gill were dissected out
to assess the impact of HNM toxicity in fish by analyzing histological
parameters. All organs were stained with hematoxylin and eosin
and analyzed under microscope (Carl Zeiss, Axioskop 2 plus).

This journal is © The Royal Society of Chemistry 20xx

Conclusions

In conclusion, a potent actinomycete S. variabilis was selected
for production of 1-Hydroxy-1-norresistomycin which has excellent
antimicrobial and anti-oxidant activity. Further, toxicity evaluation
of HNM against Zebra fish showed minimal morphological changes
was observed in spleen and there is no apparent changes were
observed in major organs of control and HNM treated D. rerio. In
conclusion, the compound HNM obtained from S. variabilis isolated
from mucus of A. formosa can act as potential anti-oxidant and
used to prevent the oxidative stress related disorders since it has
minimal toxicity against human model system.

Ethical statements

The zebra fish (Danio rerio) was used as an experimental
model organisms and it is not governed by any law. Therefore,
the organisms were not placed for Institutional Animal Ethical
(IAEC) approval. All the experiments were
performed for best practice according to Bharathidasan
University IAEC guidelines. It is also informed that, as per the
guidelines of CPCSEA (Committee for the Purpose of Control
and Supervision of Experiments on Animals), use this fish is not
subject to approval by IAEC. Further, we did not conduct any
experimentation with human subjects.

Committee

References

1. R. Subramani and W. Aalbersberg, Microbiol. Res. 2012,
167(10), 571-580.

2. M. Sharma, Int. J. Curr. Microbiol. App. Sci. 2014, 3(2), 801-
832.

3. V. S. Bernan, M. Greenstein and G. T. Carter, Curr. Med.

Chem. Anti-Infective Agents2004, 3, 181-195.

P. G. Williams, Trends Biotechnol. 2009, 27, 45-52.

J. W. Blunt, B. R. Copp, W. P. Hu, M. H. Munro, P. T. Northcote

and M. R. Prinsep, Nat. Prod. Rep. 2009, 26, 170-244.

R. H. Baltz, Curr. Opin. Pharmacol. 2008, 8, 557-563.

J. Piel, Nat. Prod. Rep. 2004, 21, 519-538.

T. Bull and J. E. Stach, Trends Microbiol. 2007, 15, 491-499.

T. Bull, J. E. Stach, A. C. Ward and M. Goodfellow, Antonie van

Leeuwenhoek, 2005, 87, 65-79.

10. G. Tsueng, S. Teisan and K. S.
Biotechnol. 2008, 78, 827-832.

11. J. Selvin, S. Shanmughapriya, R. Gandhimathi, G. S. Kiran, T.
RajeethaRavji, K. Natarajaseenivasan and T. A. Hema, Appl.
Microbiol. Biotechnol. 2009, 83, 435-445.

12. Nikapitiya, 2012, 65, 390.

13. G. M. Cragg and D. J. Newman, BiochimicaetBiophysicaActa
2013, 1830, 3670—3695.

14. ). Solecka, J. Zajko, M. Postek and A. Rajnisz, Cent. Eur. J. Biol.
2012, 7(3), 373-390.

15. D-B. Xu, W-W. Ye, Y. Han, Z-X. Deng and K. Hong, Mar. Drugs
2014, 12, 2590-2613.

16. I. Kurtboke, Appl. Microbiol. Biotechnol. 2012, 93, 1843-1852.

17. Berdy, J., 2005. Bioactive microbial metabolites. J. Antibiot.
58, 1-26.

18. G. Minotti, P. Menna, E. Salvatorelli, G. Cairo and L. Gianni,
Pharmacol. Rev. 2004, 56, 185-229.

uoe

L N

Lam, Appl. Microbiol.

J. Name., 2013, 00, 1-3 | 5



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

RSCAdvances Page 6 of 12

J. L. Quiles, J. J. Ochoa, J. R. Huertas, M. Lopez-Frias and J.
Mataix, 2006, 119-151.

S. Granados-Principal, J. L. Quiles, C. L. Ramirez-Tortosa, P.
Sanchez-Rovira and M. C. Ramirez-Tortosa, Food
ChemToxicol. 2010, 48(6), 1425-1438.

Y. Chen, P. Jungsuwadee, M. Vore, D. A. Butterfield and D. K.
St Clair, Mol. Interv. 2007, 7, 147-156.

H. P. Fiedler, C. Bruntner, A. T. Bull, A. C. Ward, M.
Goodfellow, O. Potterat, C. Puder, and G. Mihm, Antonie Van
Leeuwenhoek 2005, 87, 37-42.

H. Phoebe, J. Combie, F. G. Albert, T. K. Van, J. Cabrera, H. J.
Correira, Y. Guo, J. Lindermuth, N. Rauert, W. Galbraith and C.
P. Selitrenikoff, J. Antibiot. 2001, 54, 56-65.

B. Meena, L. A. Rajan, N. V. Vinithkumar and R. Kirubagaran,
BMC Microbiol. 2013, 13, 145-161.

R. Gandhimathi, M. Arunkumar, J. Selvin, T. Thangavelu, S.
Sivaramakrishnan, G. S. Kiran, S. Shanmughapriya and K.
Natarajaseenivasan, J. Mycol. Med. 2008, 18, 16-22.

P. R. Shetty, S. K. Buddana, V. B. Tatipamula, Y. V. Venkata
Naga and J. Ahmad, Braz. J. Microbiol. 2014, 45(1), 303-312.
V. R. Dasari, M. K. Muthyala, M. Y. Nikku and S. R.
Donthireddy, Microbiol. Res. 2012, 167, 346—351.

M. Thenmozhi, J. V. Gopal, K. Kannabiran G. Rajakumar, K.
Velayutham and A. A. Rahuman, Parasitol. Res. 2012, 112(2),
719-729.

J. Hou, P. Liu, H. Qu, P. Fu, Y. Wang, Z. Wang, Y. Li, X. Teng and
W. Zhu, J. Antibiot. 2012, 65, 523-526.

K. M. Barakat and E. A. Beltagy, Egypt. J. Aquatic Res. 2015,
41, 49-56.

P. Saravanakumar, N. A. Al-Dhabi, V. Duraipandiyan, C.
Balachandran, P. Praveen Kumar and S. Ignacimuthu, BMC
Microbiol. 2014, 14, 291.

Gorajana, B. V. Kurada, S. Peela, P. Jangam, S. Vinjamuri, E.
Poluri and A. Zeeck, J. Antibiot. 2005, 58, 526-529.

Kock, R. P. Maskey, M. A. F. Biabani, E. Helmke and H. Laatsch,
J. Antibiot. 2005, 58(8), 530-534.

K. Saurav and K. Kannabiran, Saudi J. Biol. Sci. 2012, 19(1), 81—
86.

Braca, N. De Tommasi, L. Di Bari, C. Pizza, M. Politi and I.
Morelli, J. Nat. Prod. 2001, 64, 892—-895.

S. Poongodi, V. Karuppiah, K. Sivakumar and L. Kannan, Int. J.
Pharm. Pharm. Sci. 2012, 4(5), 316-321.

Y. Wu and Q. Zhou, Environ. Toxicol. Chem. 2013, 32, 165
173.

Y. Lampert, D. Kelman, Z. Dubinsky, Y. Nitzan and R. T. Hill,
FEMS Microbiol. Ecol. 2006, 58, 99-108.

P. Nithyanand, S. Manju and S. Karutha Pandian, FEMS
Microbiol. Lett. 2011, 314, 112-118.

T. G. Babu, P. Nithyanand, N. K. C. Babu and S. Karuth
Pandian, World J. Microbiol. Biotechnol. 2009, 25, 901-907.

P. Nithyanand, R. Thenmozhi, J. Rathna and S. Karutha
Pandian, Curr. Microbiol. 2010, 60, 454-460.

K. S. Shobha and R. Onkarappa, Ind. J. Microbiol. 2011, 51(4),
445-449.

C. Sunil, P. Agastian, C. Kumarappan and S. Ignacimuthu, Food
Chem. Toxicol. 2012, 50, 1547-1553.

6| J. Name., 2012, 00, 1-3

44,

45.

46.

L. C. N. da Silva, C. A. Silva-Junior, R. M. Souza, A. J. Macedo,
M. V. Silva and M. t. S. Correia, Food Chem. Toxicol. 2011, 49,
2222-2228.

Parejo, C. Codina, C. Petrakis and P. Kefalas, J. Pharmacol.
Toxicol. Methods 2000, 44, 507-512.

M. Oktay, I. Gulcin and O. I. Kufrevioglu, LWT - Food Sci.
Technol. 2003, 36, 263-271.

This journal is © The Royal Society of Chemistry 20xx



RSC Advances

Fig. 1 Antimicrobial activity of ethyl acetate extract of S. variabilis (a), TLC chromatogram of ethyl acetate extract (b) and antimicrobial

activity of TLC fractions (c).
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Fig. 2 FT-IR (a) and GC-MS (b) analysis of purified fraction 4 obtained from ethyl acetate extract of S. variabilis.
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Fig. 3 'H NMR (a) and BCNMR (b) analysis of purified fraction 4 obtained from ethyl acetate extract of S. variabilis.
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Fig. 4 Structure of 1-Hydroxy-1-norresistomycin (HNM) produced by S. varaiabilis (Kock et al., 2005; Gorajana et al., 2005)
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Fig. 5 DPPH (a) and Hydrogen peroxide (b) scavenging activity of HNM
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Fig. 7 Histological changes of Zebra fish organs such as heart (b), liver (d) and kidney (f) stained with hematoxylin and eosin after 21 days
exposure of HNM (350ug/ml). a, c and e represents the heart, liver and kidney of Zebra fish (control) respectively.
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Fig. 8 Histological changes of Zebra fish organs such as intestine (b), spleen (d) and gills (f) stained with hematoxylin and eosin after 21

days exposure of HNM (350ug/ml). a, c and e represents the intestine, spleen and gills of Zebra fish (control) respectively.
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