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Abstract

Actinomycetes are slow growing, Gram positive filamentous microorganisms.
Actinomycetes are believed to be an excellent source of producing antibacterial substances
with high commercial value. The Objective of this study is to determine antibacterial
activity of antibiotic extracted from isolated Actinomycetes against pathogens of infected
wounds and to characterize extracted antibiotic by FT-IR analysis. In this study, crude
antibiotic was produced and extracted from Actinomycete i.e. Streptomyces sp. isolated
from soil. Total Six bacterial cultures were isolated from wound infected patients. They
were identified based on Biochemical and Cultural characterization according to Bergey’s
Manual of Systematic Bacteriology as Micrococcus sp., Staphylococcus sp.,
Corynebacterium sp., Enterococcus sp., Escherichia coli, Proteus sp. The Antibacterial
activity of crude antibiotic was studied against wound isolates by Agar well diffusion
method. The highest zone of inhibition i.e.24 mm was found against Enterococcus sp. at
800 ug/ml concentration of crude antibiotic and lowest zone of inhibition was observed
against Corynebacterium sp.i.e.14 mm at 200 pg/ml. The Antibiotic extracted from
Streptomyces sp. showed good antibacterial activity against Gram positive isolates
compared to Gram negative bacterial isolates.
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INTRODUCTION

Actinomycetes are slow growing, gram positive
bacteria with high G+C ratio. They resemble to fungi
because of their filamentous appearance and spore
production property [19] and they resemble to
bacteria because of presence of Peptidoglycan in

their cell wall and possession of flagella [13].
Actinomycetes play variety of roles like degradation
of recalcitrant Xenobiotic compounds, organic
matter present in soil and waste release from
agriculture field and urban community [8]. Most
Actinomycetes species have capability to synthesize
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biologically active secondary metabolites such as
antibiotics, herbicides, antitumor, anticancer,
pesticides, antiparasitic, immunomodulator,
vitamins and enzyme inhibitors [14, 15]. Bacterial
resistance to antibiotics has emerged as a serious
concern in recent years which has attracted the
researchers to search for newer antibiotic
substances that would help in combating bacterial
diseases. Actinomycetes are believed to be an
excellent source of producing antibacterial
substances with high commercial value. More than
70% of naturally occurring antibiotics are believed to
be isolated from different genus of Actinomycetes
[7]. Wound infections have been a problem in the
field of surgery for a long time. Most bacteria live on
our skin and other parts of the body with little
potential for causing disease because of first line
defense within the body. Surgical operation, trauma,
burns, diseases, nutrition and other factors affect
these defences. The skin barrier is disrupted by every
skin incision, and microbial contamination s
inevitable despite the best skin preparation. The
control of wound infections has not completely
eradicated the problem because of development of
resistance. [10]

The control of wound infections has become more
challenging due to widespread bacterial resistance to
antibiotics and to a greater incidence of infections
caused by Metbhicillin resistant S. aureus (MRSA) and
Vancomycin resistant Enterobacter (VRE). Most
bacteria have multiple routes of resistance to any
drug and once resistant, can rapidly produce vast
numbers of resistant progeny [11].

The present study focuses on production and
characterization of antibiotic from isolated
Actinomycetes and to determine its antibacterial
activity against clinical pathogens which are isolated
from wounds of human patients.

MATERIALS AND METHODS
L. Production and Extraction of antibiotic
from isolated Actinomycetes: -

Streptomyces sp. isolated from soil was used for
antibiotic production and extraction. Shake flask
fermentation was carried out for antibiotic
production. Streptomyces sp. was inoculated into
250 ml Erlenmeyer flasks containing 200 ml of
fermentation medium (soluble starch 25 g,
glucosel0g, yeast extract 2 g, CaCO3 3 g, Trace salts
solution 1ml,

distilled water 1 liter, pH 7.5+0.2 [Trace salt solution
—FeSO4.7H20 - 0.5 g; CuSO4.5H20 - 0.5 g;
ZnS04.7H20 - 0.5g; MnCI2.4H20 - 0.5 g in 100 ml of
distilled water]. The flasks were incubated on a
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rotary shaker (160 rpm) at 30 °C for 7-8 days, which

is followed by centrifugation at 8000 rpm for 15

minutes. The clear supernatant used as an

antibacterial substance.

Ethyl acetate was use for the extraction of the

antibiotic from the culture supernatant. The solvent

was added to the supernatant in 1:1 proportion.

Solvent -supernatant mixture was shaken for 30 min

in separating funnel. The solvent was separated from

the broth by a separation funnel and concentrated
using vacuum rotary evaporator. The concentrate of

crude antibiotic was collected and stored at 4°C. [3]

L. FTIR Analysis of Extracted antibiotics

Ethyl acetate extract of Streptomyces sp. was

subjected to partial characterization using

spectroscopic methods. The FT-IR spectrum of the
compounds was recorded on SHIMADZU FT/IR

Spectrophotometer from Department of Chemistry,

Dr. Babasaheb Ambedkar Marathwada University,

Aurangabad. Band positions are reported in

reciprocal centimeters (cm™). The spectra were

scanned in the range 400 to 4000 cm™.

. Isolation and Identification of Bacterial
Clinical Pathogens from Wound infected
patients: -

A) Sampling: -Six Samples were collected in
sterile saline aseptically with the aid of
sterile cotton swab sticks from infected
wound of six different patients attending
Mohalkar accidents, Aurangabad and MIT
Hospital, Aurangabad.

B) Isolation of Clinical Pathogens: -

Isolation was done by Spread plate
technique. In this method, all the Samples of
wound were diluted in saline and spread on
Nutrient agar plates. Plates were incubated
at 37°C for 24 hrs. After incubation different

bacterial colonies were selected and
purified by streaking on Nutrient agar
media.

C) Identification of Clinical Pathogens: -

Six different bacterial colonies were isolated
from wound infected patients. Identification
of isolates was done on the basis of standard
microbiological techniques involving
Cultural, Morphological and Biochemical
Characteristics according to Bergey’s
Manual of Systematic Bacteriology [16].

V. Antibacterial  Activity of extracted
Antibiotic against the isolated Clinical
Pathogens: -

Agar well diffusion method was used to determine
the antimicrobial activity of extracted crude
antibiotic against wound isolates. Four different
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concentrations of crude antibiotic were prepared in
DMSO (1%) ranging from 200 pg/ml- 800 pg/ml. All
the wound isolates were activated in Nutrient broth
for 24 hours. After incubation, 1 ml of each activated
bacterial culture was mixed in soft agar and then
poured on solidified nutrient agar plates. All the
plates were allowed to solidify. In each plate,6 mm
diameter wells were punched. Then different
concentrations of crude antibiotic (20ul) were
dispensed in separate wells. Ampicillin was used as a
positive control and DMSO (1%) was used as a
negative control. The plates were incubated at 37°C
for 24 hours. After incubation, the diameter of zone
of inhibition around the wells were measured and
recorded. [5]

RESULTS AND DISCUSSION

Antimicrobial resistance has increased drastically in
recent years and it has rapidly become a leading
public health concern [1].A large number of
Actinomycetes have been isolated and screened
from soil in the past several decades, accounting for
70-80% of relevant secondary metabolites available
commercially [12].In this work, one Actinomycete i.e.
Streptomyces sp.isolated from soil was used for
antibiotic production (Fig.No.1).Extraction was
carried out by solvent extraction method using ethyl
acetate in separating funnel as shown in Fig.No.2.The
extracted antibiotic was analysed for the presence of
different functional groups by FTIR spectroscopy.
Interpretation of FTIR spectrum was done according
to Infrared Frequencies described by Hadi M.(2011),
Augustine S.K.,(2005) and Mathur N. et al. (2015).The
FTIR spectrum of Ethyl acetate extract of
Streptomyces sp. exhibited strong absorption bands
at 3323.35, 1639.49, 1242.16, 1043.49 and 1377.17
cm™ which corresponds to hydroxyl group (O-H
stretch), Double bonds (C=C), Aryl O-Stretch ,C-O
bends and Amines respectively (Fig.No.4 and Table
No.1)).The FTIR spectrum of Crude antibiotic extract
showed the presence of range of functional moieties
which are present in previously reported antibiotics
of Streptomyces species. More or less similar trend
was observed by Augustine S.K. et al. (2005), when
they tested the FTIR spectrum of ethyl acetate
extract of S.albidoflavus PU23 that exhibited
absorption bands at 3296 and 1031.8 cm-!, which
indicated hydroxyl groups and absorption at 1639
cm-1 indicating double bonding. The results reveal
importance and need of complete structural and in
vitro pharmacological studies to uncover the
industrial importance of these extracted antibiotic.
In this study, we collected six different samples from
wound or skin infected patients (Fig.No.4) and
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isolated total six clinical bacterial isolates from these
samples ( Fig.No.5). For identification, the results of
Cultural Characterization (Table No.2) and
Biochemical characterization (Table No.3) of isolated
clinical pathogens were compared with Bergey’s
Manual of systematic Bacteriology. Six isolates such
as CP 1,2,3,4,5 & 6 were identified as Micrococcus
sp., Staphylococcus aureus. Corynebacterium sp.,
Enterococcus sp., E. coli, and Proteus sp. respectively.
Similar isolates from wound infections were reported
by Ali M. et al. The result of Hosimin K. et al. (2012)
showed that the rate of isolation of Gram negative
bacteria was more than Gram positive from wound;
this is in contrast with our finding. In our finding,
Gram Positive, S.aureus was predominantly found in
nearly all collected wound samples. Verma V.C. et al.,
(2012) in their study reported isolation of different
types of bacteria from pus which also revealed
predominance of staphylococcus aureus followed by
Klebsiella sp., Pseudomonas sp., E. coli, Proteus sp.

Actinomycetes have been recognized as source of
several secondary metabolites like antibiotics and
lytic enzyme. Which make them useful as an
antagonistic agent against pathogen [2]. We have
studied the antibacterial activity of crude antibiotic
extract against isolated clinical pathogens. The crude
antibiotic extract showed good antibacterial activity
against all wound isolates except CP5 i.e. E.coli
(Fig.No.6). The highest zone of inhibition (24 mm)
was found against isolate CP4 i.e. Enterococcus sp. at
concentration of 800 pg/ml and the lowest zone of
inhibition is 14 mm found against CP3
Corynebacterium sp. at 200 pug/ml concentration of
extracted antibiotic (Table No.4). We also observed
that extracted antibiotic was more active against
Gram positive bacteria than Gram negative. Similar
result was also reported by L. Ashok Kumar, et al.
(2012). The difference between the sensitivity of
Gram negative and Gram positive bacteria is due to
their cell wall morphology. Gram negative organisms
are more sensitive to antimicrobial compounds
because they do not have outer Ilayer of
lipopolysacchride and their cell wall is more
permeable to these compounds [18]. Antibiotic
extracted from Streptomyces sp. showed narrow
spectrum activity as it was efficiently inhibited all
Gram positive isolates while unable to inhibit growth
of Gram negative bacteriumi.e. E. coli with exception
of Proteus sp. The result of the antibacterial activity
was in contrast with that of Mathur N. et al, (2015) in
which highest zones were observed against Gram
negative i.e. E. coli. Mathur N. et al. (2015) also
reported 18 mm zone of inhibition against S. aureus,
which is less compared to zone of inhibition observed
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against S.aureus in this work i.e.20 mm. The finding  substance as a tool for controlling human skin
of this work indicates that crude extract of infections.
Streptomyces sp. may be alternative antimicrobial

Fig.No.1. Production of Antibiotic from Streptomyces sp. Fig.No.2. Extraction of Antibiotic
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Fig.No.3. FT-IR spectrum of Ethyl acetate extract of Streptomyces sp.

Sr.No. Frequency (Cm™) Functional Groups

1 3323.35 Hydroxyl group (O-H stretch)
2 1639.49 Double bonds, Alkenes (C=C)
3. 1242.16 Aryl O- Stretch

4 1043.49 C-O bends

5. 1377.17 Amines (C-N stretch )

Table.No.1. FT-IR spectral data and functional group identification of Antibiotic extract
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Fig.No.4. Collection of pus samples from wound
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Fig.No.5. Isolation of Clinical Pathogens

Colony i CP1 CcP2 CcP3 CP4 CP5 CP6
Characteristics
Size 1-2 mm 2mm 1 mm 1-2 mm 1 mm 2 mm
Shape Round Round Round Round Round Round
Color Creamy yellow Yellow Off white White Off white Grayish
Opacity Opaque Opaque Translucent Opaque Translucent Opaque
Elevation Convex Raised Convex Raised elevated Less
convex
Margin regular Entire Regular Regular Regular Irregular
Surface glistening Shiny Smooth Smooth smooth Smooth
Consistency Moist Moist Moist Moist Moist Moist
Gram positive Gram Gram Gram Gram Gram
Gram staining cocci (tetrad) positive . positive negative negative
. positive rod . .
arrangement cocci diplococci short rod short rod
Table.No.2. Colony characteristics of Isolated clinical pathogens (CP-Clinical Pathogen)
Biochemical tests CP1 CcpP2 cP3 CP4 CP5 CP6
Catalase Positive Positive Positive Negative Positive Positive
Oxidase Positive Negative Negative Negative Negative  Negative
Indole Negative Negative Positive Negative Positive Negative
MR Positive Positive Negative Negative Positive Negative
VP Negative Positive Negative Positive Negative  Negative
Citrate Negative Positive Negative Negative Negative  Positive
Glucose fermentation Negative Positive Positive Negative Positive Positive
Starch hydrolysis Negative Negative Negative Negative Positive Negative
Motility Non motile  Non motile  Non motile  Non motile = Motile Motile

Table.No.3. Results of Biochemical characterization of Clinical isolates
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Fig.No.6. Antibacterial activity of crude antibiotic against clinical pathogens

Diameter of Zone of Inhibition (mm)

Negative

Isolates 200 control Positive

ug/ml 400ug/ml - 600ug/ml  800ug/ml (1% control(Ampicillin:200ug/ml)

DMSO)

CP1 17 18 20 20 - 34

CP2 16 17 18 20 - 30

CP3 14 15 16 17 - 28

CP4 20 21 22 24 - 34

CP5 - - - - - 26

CP6 18 20 21 22 - 32

Table.No.4. Diameter of zone of inhibition shown by extracted antibiotic against Clinical pathogens
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