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ABSTRACT
The influence of the physiological factors on the production of antibacterial metabolite by two
actinomycetes strains, LAM1 and LAM2 isolated from fresh water systems of Karimnagar were
studied.LAM1 showed highest antibacterial activity after seven days of incubation while LAM2 after
ten days of incubation at 30°C. Optimization of antibacterial metabolites in batch cultures has been
carried out. All the strains were able to grow in all the tested carbon sources. However maximum zone
of inhibition was observed when cultures supplemented with glycerol as a carbon source followed by
glucose and starch. Cultures containing fructose and maltose did not show any zone of inhibition. The
cultures supplemented with sodium nitrate and potassium nitrate have shown highest zone of
inhibition followed by peptone. The presence of iron and manganese could play an important role in
the promotion of antibiotic production.
KEY WORDS Fresh water, Incubation, Zone of inhibition, Antibiotic, Actinomycetes.
INTRODUCTION
Actinomycetes are a group of morphologically
diverse, Gram positive bacteria having in common
DNA with high GC content in the range of 63-78% [1,
2, 3, 4]. They are widely distributed in a variety of
natural and man made environments, constituting a
significant components of the microbial population in
soil and water [5, 6]. Diversity and bioprospecting
studies on actinomycetes are mainly pertaining to
terrestrial and marine ecosystems and less
importantly from fresh water systems [7]. There is an
increasing realization of the potential for fresh water
systems as sources of actinomycetes that produce
useful bioactive compounds, Cross [8] reported fresh
water fresh water habitats as a promising source of
bioactive actinomycetes. Actinomycetes of fresh
water origin produce novel and useful bioactive
metabolites [9]. The risk of antibiotic resistant
pathogenic strains dictates an increasing need for
the survey of unexplored and underexplored habitats
for novel antibiotic producing actinobacterial strains
[10, 11]. The focus is increasing towards fresh water
systems for novel bioactive strains especially
actinobacteria [12].
Actinomycetes are the source of important and useful
antibacterial metabolites that are used to control
bacterial diseases in human, animals and plants. [13,
14, 15]. More than half of commercial antibiotics
were derived from actinomycetes [16].The ability of
actinobacterial cultures to form antibacterial
compounds is not a fixed property but can be
enhanced or minimized under different physiological

condition [17, 18]. Hence the composition of the
medium and the metabolic capacity of the culturing
microorganism greatly affect the production of
secondary metabolites [18]. Changes in the nature
and type of carbon, nitrogen and metal ions sources
have been reported to affect the antibacterial
metabolites synthesis in actinomycetes [19]. In
addition to media components, temperature, pH and
incubation period also influence the production of
secondary metabolites [20, 21].
This work describes the production of antibacterial
metabolite produced by two actinomycete isolates
(LAM1 and LAM2) isolated from fresh water systems
of Karimnagar, Andhra Pradesh. Improvement of
antibacterial metabolite production was achieved by
optimization of the cultural conditions and by
formulating a defined medium for the biosynthesis of
antibacterial metabolites by actinomycetes.
MATERIALS AND METHODS
The actinomycetes cultures LAM1 and LAM2 used in
this study were isolated from fresh water systems of
Karimnagar, Andhra Pradesh. A total of 144 water
and sediment samples were collected from three
freshwater systems of Karimnagar, Andhra Pradesh,
India viz: Lower Manair Dam, Manakondur Pond and
Kothapally Pond regularly every month during July
2006 to June 2008. Water samples were collected in
a sterile one liter conical flask and brought to the
laboratory by closing with sterile cotton plug.
Sediment samples were collected in a sterile petri
dish by using sterile spatula.
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ctinomycetes from these collected samples were
isolated by Double Agar Layer (DAL) method on
actinomycetes
isolation
agar
containing
cycloheximide (50µg/ml) to minimize fungal
contamination [22]. All plates were incubated at 30°C
for 1-2 weeks. The actinomycetes colonies that
th
appear on petri plates were counted from 5 day
th
onwards up to 14 day.

twice with distilled water and then dried at 70°C, dry
weight is measured and recorded. The antibacterial
metabolites were extracted from culture filtrate by
solvent extraction method and antibiotic assay was
carried out using test bacteria. The test bacteria used
for testing of actinomycetes isolates for antimicrobial
activity include: Bacillus subtils (MTCC 431) and
Escherichia coli (MTCC 40).

A total of 24 different actinomycetes were collected
from these samples viz: eleven from Lower Manair
Dam (LAM1 to LAM11), seven from Manakondur
Pond (MAM1 to MAM7) and six from Kothapally
Pond (KAM1 to KAM6). All isolates were sub cultured
and maintained in agar slants. The isolated
actinomycetes strains were tested for their
antibacterial activity against ten test bacteria namely
Bacillus subtils (MTCC 431), Proteus vulgaris (MTCC
426),
Staphylococcus
aureus
(MTCC
96),
Pseudomonas
aeruginosa
(MTCC
424),
Enterobacter aerogenes (MTCC 111), Salmonella
typhi
(MTCC 733), Escherichia coli (MTCC 40),
Sarcina lutea (MTCC 1541), Shigella flexneri (MTCC
1457) and Klebsiella pneumonia (MTCC 7162).
Among, eight isolates showed good antagonistic
activity against test bacteria. Two of these eight
isolates (LAM1 and LAM2) were showed very potent
antagonistic activities which were selected and
identified. The characterization of LAM1 and LAM2
was done by following the guide lines adopted by the
international Streptomyces Project [23]. Colors were
assessed on the scale adopted by Kornerup and
Wanscher [24].

Influence of some cultivation factors on the
production of antibiotic by active isolates:
In order to test the influence of cultivation factors on
the growth and production of antibacterial
metabolites by LAM1 and LAM2, starch nitrate broth
was used as basal medium and the process was
carried out.

They were maintained on starch nitrate agar slants
and kept in a refrigerator at 4°C until further use.
LAM1 is proved to be a producer of an antibacterial
metabolite with a molecular weight of 323.58 and
LAM2 is proved to produce an antibacterial
metabolite with a molecular weight of 824.32.
Culture of LAM1 and LAM2 for antibacterial
metabolite production:
For studying antibacterial metabolite production by
actinomycetes strains, starch nitrate medium was
used as basal medium. It was composed of (g/l) :
Starch, 10.0, NaNO3, 2.5, K2HPO4, 1.0, KH2PO4,
1.0, MgSO4.7H2O, 0.5, KCl,0.5, trace salt solution
1.0 ml( CuSO4.5H2O,0.64 g/l , FeSO4.7H2O,0.11
g/l, MnCl.4H2O, 0.79 g/l and ZnSO4.7H2O, 0.15 g/l)
, Distilled water, 1.0 liter. Medium pH was adjusted to
7.0 before autoclaving using 0.1 N NaOH or 0.1 N
HCl solutions. 100 ml of this medium was dispensed
in 250 ml conical flask and sterilized at 121°C for 15
minutes. Each flask was inoculated with spore
suspension taken from one week old slant cultures.
The flasks were incubated in rotary shaker incubator
at 30°C for 7-10 days. After incubation period, the
cells were separated from the culture filtrate by
centrifugation at 5000 r.p.m for 15 minutes, washed
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Temperature, pH, and incubation period:
The effect of cultural conditions like different
temperatures( 15°C, 20°C, 25°C, 30°C, 35°C, 40°C,
and 45°C) initial pH ( 3,4,5,6,7,8,9,10,11) and
incubation period ( 2-10 days) on growth and
antibacterial metabolites production was studied
separately by inoculating the spore suspension of the
strain into the fermentation medium and then
incubated in a rotary shaker.
Carbon and nitrogen sources:
In order to investigate the influence of carbon and
nitrogen sources on the antibacterial activity of active
isolates, basal medium was used. Various carbon
and nitrogen sources were used to replace the
carbon and nitrogen sources in basal medium, while
all other components were kept constant. The carbon
and nitrogen sources were sterilized separately and
added just prior to inoculation. Glucose, fructose,
maltose, sucrose, lactose, starch and glycerol were
added separately as carbon sources into the basal
medium at 1% concentration. Different nitrogen
sources such as KNO3, NANO3, tryptone, peptone,
caseine, ammonium nitrate and ammonium sulphate
were provided separately in to the basal medium at
1% concentrations. The respective biomass and
antibacterial metabolite production was recorded.
Metal ion sources:
The influence of metal ions was studied by replacing
the metal ions by one metal ion at different
concentrations. The metal ion sources such as
CuSO4.5H20, FeSO4.7H20, MnCl2. 4H20 and
ZnSO4.7H20 were added separately as metal ions
sources in to the basal medium. The antimicrobial
activity was evaluated by measurement of inhibition
zone of the target organism after 24 hours of
incubation time at 30°C.
RESULTS
The isolated actinomycetes were screened with
regard to their potential to generate bioactive
compounds. The most potent producer strains LAM1,

Table 1. Antibacterial activity of LAM1 and LAM2 strains.
Test Organisms (inhibition zone in mm)
Isolates

B.s.

S.a.

S.l

E.c.

K.p.

P.v.

P.a.

S.t.

S.f

E.a

LAM 1

20

18

17

12

13

15

15

17

9

14

LAM 2

15

12

13

12

11

7

13

5

8

7

B.s - Bacillus subtilis, S.a- Staphylococcus aureus S.l- Sarcina lutea E.c- Escherichia coli , K.p- Klebsiella pneumonia,
P.v-Proteus vulgaris, P.a.-Pseudomonas aeruginosa, S.t- Salmonella typhi, S.f-Shigella flexneri, E.a- Enterobacter
aerogenes

Table 2: Morphological and biochemical characteristics of LAM1 and LAM2 strains
Characteristic

LAM1

LAM2

Aerial mycelium color

White

Yellowish white

Substrate mycelium color

White

Yellow

Colony diameter(mm)

3

4

Colony margin

Filamentous

Filamentous

Colony elevation

Flat

Convex

Spore chain

Spiral

Hook like

Spore surface

Warty

Smooth

Indole production

-

-

Methyl red

-

-

Voges proskaur

-

-

Citrate utilization

+

+

H2S production

-

-

Nitrate reduction

-

-

Melanin production

+

+

Starch hydrolysis

+

+

Gelatin hydrolysis

+

+

Lipid hydrolysis

-

-

Casein hydrolysis

+

+

Starch

+

+

Dextrose

+

+

Fructose

+

+

Maltose

+

+

D-Alanine

+

+

L-Arginine

+

+

L-Phenylalanine

+

+

L-Tyrosine

+

+

Morphological

Biochemical

Carbon source utilization

Nitrogen source Utilization
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Actino
mycete
strain

Table 3: Influence of different carbon source on the growth of actinomycetes and production of
antibiotics

LAM1
LAM2

Carbon source
GLUCOSE
A B C
2. 1 1
1 9 5
1. 1
9
4
4

FRUCTOSE
A
B C
1.
6
0.
9

MALTOSE
A
B
C
2.
0
2.
2

SUCROSE
A
B
C
1.
15 13
7
2.
16 11
5

LACTOSE
A
B
C
1.
12 8
0
1.
15 12
6

STARCH
A
B
C
3.
24 19
7
2.
16 14
6

GLYCEROL
A
B
C
3.
26 20
9
3.
21 17
4

A-Dry weight of actinomycetes cells in mg/ml,B-Zone of inhibition in mm against B.subtilis,C-Zone of
inhibition in mm against E.coli
Table 4: Influence of different nitrogen sources on the growth of actinomycetes and production of
antibiotics
Metal ion source

Actino
mycete
strains
LAM1
LAM2

MnCl2

FeSO4

CuSO4

ZnSO4

A

B

C

A

B

C

A

B

C

A

B

C

3.3

21

16

3.9

26

18

3.6

23

17

1.8

18

15

18

15

3.3

23

16

3.9

25

19

2.1

20

18

3.1

A- Zone of inhibition in mm against E.coli Dry weight of actinomycetes cells in mg/ml,Zone of inhibition in
mm against B.subtilis
Table 5: Influence of metal ions on the growth of actinomycetes and production of antibiotics
Metal ion source

Actinom
ycete
strains
LAM1
LAM2

MnCl2

FeSO4

CuSO4

ZnSO4

A

B

C

A

B

C

A

B

C

A

B

C

3.3

21

16

3.9

26

18

3.6

23

17

1.8

18

15

18

15

3.3

23

16

3.9

25

19

2.1

20

18

3.1

A- Dry weight of actinomycetes cells in mg/ml,B- Zone of inhibition in mm against B.subtilis,C- Zone of
inhibition in mm against E.coli
LAM2 were selected and identified. The
characterization LAM1 and LAM2
was done by
following the guide lines adopted by the International
Streptomyces Project [23]. Two of twenty four
actinomycetes cultures LAM1, LAM2 were found to
exhibit various degrees of activities against Grampositive and Gram-negative bacteria (Table 1).
The most potent antagonistic actinomycetes strains
were selected and characterized. The cultural
characteristics of LAM1 showed that the aerial
mycelium is white and substrate mycelium is also
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white and no diffusible pigments were observed. The
cultural characteristics of LAM2 showed that the
aerial mycelium is yellow and substrate mycelium is
yellowish white and no diffusible pigments were
produced. The physiological and biochemical
characteristics of LAM1 and LAM2 were summarized
in Table 2 which indicated that the strain LAM1
belongs to Streptomyces group and LAM2 belongs to
Micromonospora.
Influence of some cultivation factors on the
production of antibiotic by active isolates:

Optimizations of antibiotic production on batch
cultures of active isolates were carried out by using
starch nitrate broth as a basal medium and the

suitability of various cultivation
evaluated and correlated.

factors

were

Fig 1.Influence of temperature on growth and production of antibiotic.
Influence of temperature on antibacterial activity of LAM1

Influence of temperature on antibacterial activity of LAM2
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Fig 2: Influence of pH on the growth of actinomycetes and production of antibiotics
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Fig 3: Influence of incubation period on the growth of actinomycetes and production of antibiotics
Influence of incubation period on antibacterial activity of LAM1

Influence of incubation period on antibacterial activity of LAM2
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The effect of temperature on the production of
antibacterial metabolites by LAM1 and LAM2 was
tested by performing the fermentation at different
temperatures and by studying the zone of inhibition.
The results are indicated in the fig 1. LAM1 showed
maximum antibacterial activity at 30°C with the
highest biomass of 3.4 mg/ml. The strain LAM2 also
showed maximum antibacterial activity at 30°C with
highest biomass of 3.3 mg/ml. The results indicate
that the optimum temperature for the growth and
production of antibacterial metabolite by LAM1 and
LAM2 is 30°C.
pH:
The effect of pH on the production of antibacterial
metabolites by LAM1 and LAM2 was tested by
performing the extraction of antibacterial metabolites
at different pH from fermentation broth and by
studying the zone of inhibition. LAM1 and LAM2
showed maximum antagonistic activity and growth at
pH of 7 (fig. 2).
Incubation period:
The influence of incubation period on the production
of antibacterial metabolites by LAM1 and LAM2 was
tested by performing the fermentation for different
durations and by studying the zone of inhibition. The
results are indicated in the fig 3. Maximum growth
and antibacterial activity was shown by LAM1 and
LAM2 after seven days and nine days of incubation
periods respectively.
Influence of carbon and nitrogen source:
Optimization for the growth and antibacterial
metabolite production by LAM1 and LAM2 was
carried out in batch cultures. The strain LAM1 and
LAM2 were cultured in the basal medium with
different carbon sources and their effect on the
growth and antagonistic activity was studied. Both
the strains were able to grow in all the tested carbon
sources (Table 3). However maximum zone of
inhibition was observed when cultures supplemented
with glycerol as a carbon source followed by glucose
and starch. Cultures containing fructose and maltose
did not shown any zone of inhibition. The utilization
of glycerol, glucose and starch for growth and
production of antibiotic by LAM1 and LAM2 indicate
the presence of an active uptake system for these
substrates.
Off all the tested nitrogen sources, LAM1 showed
maximum growth and antibacterial activity when
cultures are supplemented with sodium nitrate or
potassium nitrate followed by peptone and LAM2
showed maximum growth and zone of inhibitions
when peptone is used as nitrogen source followed by
sodium nitrate and potassium nitrate. (Table 4).The
results indicate that sodium nitrate and potassium
nitrate served as good nitrogen sources for LAM1
and peptone served as ideal nitrogen source for
LAM2.
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Influence of metal ions:
Influence of different metal ions on the growth and
production of antimicrobial components was tested
by replacing the different metal ions in the production
medium and results were indicated in the table 5.
The results given in the table showed that iron plays
an important role in the promotion of antibiotic
production by LAM1 and manganese plays an
important role on the growth and antibiotic production
by LAM2.
DISCUSSION
Actinomycetes are unparalleled sources of bioactive
metabolites including antibiotics, plant growth factors
and other secondary metabolites [25, 26].They have
provided many important bioactive compounds of
high commercial value and continue to be routinely
screened for new bioactive compounds [27]. These
searches have been remarkably successful and
approximately two thirds of naturally occurring
antibiotics including many of medical importance
have been isolated from actinomycetes [9]. Almost
80% of the world’s antibiotics are known to come
from actinomycetes, mostly from the genus
Streptomyces and Micromonospora [28].
Antibiotics are low-molecular-mass products of
secondary metabolism, non essential for the growth
of producing organisms, but very important for
human health. They have unusual structures and are
most often formed during the late growth phase of
the producing microorganisms [29]. Their production
arises from intracellular intermediates, which are
condensed into more complex structures through
defined biochemical pathways. Their synthesis can
be influenced by manipulating the type and
concentration of nutrients formulating the culture
media [17, 18, 30]. In order to achieve high product
yields, it is a pre requisite to design a proper
production medium in an efficient fermentation
process [31]. From the results it was evident that
maximum growth and antibacterial metabolite
production was obtained at 30°C for LAM1 and LAM2
which clearly indicates the mesophilic nature of both
the isolates. Previous reports [32] illustrate that
optimal temperature range between 26°C to 35°C for
antibacterial metabolites by Streptomyces strains
and Micromonospora strains. The metabolic activities
of actinomycetes are very much sensitive to the initial
pH of the fermentation broth [16]. The highest zone
of inhibition was observed at a pH 0f 7 for LAM1 and
LAM2 which indicate that the optimum level of pH for
antibiotic production is 7.
The period of incubation also has profound effect on
growth and antibacterial metabolite production by
actinomycetes [33]. The maximum zone of inhibition
was exhibited after seven days of incubation by
LAM1 and nine days of incubation by LAM2.

The effect of the carbon source has been the subject
of continuous studies for both industry and research
groups. Glucose and other carbohydrates have been
reported to interfere with antibiotic synthesis and this
effect depends on the rapid utilization of the
preferred carbon source [29].Maximum zone of
inhibition was observed when the glycerol was used
as carbons source followed by glucose and starch.
This indicated the presence an active uptake system
for these compounds in the isolates. The results of
this study revealed that the level of antibacterial
production may be greatly enhanced by the nature of
nitrogen source supplied in the culture medium.
Similar results have been reported by many
investigators [34, 35, 36, 37]. The results indicate
that sodium nitrate and potassium nitrate served as
good nitrogen sources for LAM1 and peptone served
as ideal nitrogen source for LAM2. The growth and
antibacterial metabolite production is also influenced
by the nature of metal ion source used in the
fermentation broth [38]. The investigation showed
that iron plays an important role in the promotion of
antibiotic production by LAM1 and manganese
played an important role on the growth and antibiotic
production by LAM2.
CONCLUSION
The present study determined the optimal culture
conditions for growth and antibacterial metabolite
production by two fresh water actinomycetes strains.
The initial pH, incubation period, incubation
temperature were found to have significant effect on
the growth and antibiotic production by LAM1 and
LAM2. Use of different nitrogen sources in the
fermentation medium proved to be beneficial and
increased the yield of antibiotic. The type of carbon
sources effect the antibiotic production. Therefore,
the fermentation of antibiotic can be done under
optimized parameters to achieve a very good yield.
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