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ABSTRACT

Marine actinomycetes, Streptomyces sp. — MSU29 was isolated from marine sponge /rcinia sp. from Cape Comorin Coast,
India. Attempts were made for optimization of culture conditions for antibiotic production by Streptomyces. sp. The isolate
exhibited optimal antibiotic production at 3% NaCl. The antibiotic production was found to be at maximum levels after
120h of incubation and thereafter gradually declined. The culture medium adjusted to pH 7.0 supported the antibiotic
production compared to other pH and optimum temperature for antibiotic production was found to be 30°C. The medium
supplemented with glycerol and Soybean meal as sole carbon and nitrogen sources respectively was proved to be the
best for bioactive metabolites production. Among minerals tested, KoHPQ4 displayed higher antibiotic production by the
strain compared to other mineral supplements. So far only a few salt — tolerant actinomycetes have been explored for
media optimization for their bioactive potential. Hence an attempt has been made to optimize culture conditions for
secondary metabolites production to meet industrial demand.
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l. INTRODUCTION

Actinomycetes from extreme environments have
attracted considerable attention in recent years. Majority
of the studies on extremophilic organisms, however,
bacteria and actinomycetes are relatively less explored
group [1]. Marine actinomycetes are capable of
producing potential antibiotics [2]. It is widely accepted
that alkaliphilic actinomycetes will provide a valuable
resource for novel products of industrial interest,
including enzymes and antimicrobial agents [3, 4].
Actinomycetes are widely recognized as industrially
important microorganisms because of their ability to
produce many kinds of novel secondary metabolites
including antibiotics [5]. Marine actinomycetes have
also been recently reported for their antimicrobial
activity [6, 7). Some novel antitumour antibiotics,
Chinikomycin were detected in marine Streptomyces
spp. [8]. The search for novel molecules having unique
therapeutic properties continues to be an attractive area
of research. In this regards, studies on extremophilic
actinomycetes would be a valuable addition.

The environmental factors such as incubation
period, temperature and pH moreover the nutritional
source like carbon, nitrogen and minerals are found to
be playing a vital role on antibiotic production by

actinomycetes [9] . In this context, the study focuses
on the production of bioactive metabolites by salt —
tolerant actinomycetes Streptomyces sp. strain MSU29.
Optimization of culture conditions is essential to get
high yields of the bioactive metabolites. Hence an
attempt has been made to increase the productivity by
optimizing the culture conditions of salt — tolerant
actinomycetes Streptomyces sp. for the production of
bioactive metabolites to meet the industrial demands.

Il. MATERIALS AND METHODS

A.  Sample collection

Marine sponge, Ircinia sp. (Class: Demospongiae,
Order: Dictyoceratida, Family: Spongiidae; Genus:
Ircinia) was collected by SCUBA diving from the coast
of Cape Comorin, India. The sponge sample was gently
rinsed and homogenized in sterile aged sea water for
the enumeration of actinomycetes.

B. Microorganism and culture media

The actinomycetes, Streptomyces sp. was
isolated from sponge /rcinia sp. by spread plate method
using Starch Casein Agar (SCA) Hi-media, Mumbai,
India in aged seawater and distilled water (1:1)
supplemented  with  antibiotics  (Nalidixic ~ acid
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20 ug m'; Nystatin 25 ug m ' Cycloheximide

100 ug mi~! ;) to minimize the gram negative bacteria,
fungal and yeast contaminants respectively [10] since
actinomycetes are filamentous gram positive bacteria.
The inoculated agar plates were incubated at 28°C for
7 days. A typical powdery colony was picked and
sub-cultured on  ISP2  medium  (International
Streptomyces project). The isolate was gram positive,
having a long filamentous structure and are identified
as Streptomyces sp-MSU29 based on the
morphological,  physiological and  biochemical
characteristics on ISP2 media [11].

C. Screening of antagonistic actinomycetes

Antagonistic activity of Streptomyces sp.- MSU29
was detected using Modified Nutrient Agar (MNA)
medium containing glucose 5g, peptone 5g, beef
extract 3g, sodium chloride 5g, agar 18g, aged sea
water 500ml and distilled water 500m| was used. The
final pH of the medium was adjusted to 7.0. The
Streptomyces sp.-MSU29 was spotted on MNA medium
and incubated at 30°C for 5 days still sporulation. After
that, the molten Nutrient Agar (NA) (Himedia, Mumbai,
India) with test organisms (106 cells), like gram positive
organism such as Staphylococcus aureus, Bacillus
subtilis and gram negative organism such as Vibrio
cholerae and Escherichia coli and yeast Candida
albicans was poured on already grown Streptomyces
sp-MSU29 plates separately. The inoculated plates
were incubated at 37°C for 24 h. The zone of inhibition
was measured for each test organism and expressed
as mm in diameter. Bioactive metabolites production
was determined in terms of their antimicrobial
spectrum.

D. Effect of salinity and pH on the production of
antibiotics

Optimum salt requirement and pH for the
production of bioactive metabolites by the strain was
studied by inoculating sporulated cultures spotted on
MNA medium supplemented with different salt
concentration ranges (0 — 5%) and pH ranges (6 — 8).
After 5 days test organism in molten NA medium was
poured on the plates and the zone of inhibition was
measured after 24h incubation at 37°C.

E. Impact of incubation period and temperature on
the production of antibiotics

The impact of incubation period and temperature
for the production of antibiotic was studied by
inoculating spore suspension of Streptomyces sp. -
MSU29 on MNA medium. The effect of temperature
ranges (20 —40°C) and incubation period ranges (0 —
168h) on the production of bioactive compound was
studied. At every 24h intervals under different
temperature the plates were examined for the
production of bioactive metabolites.

F. Role of carbon, nitrogen and mineral sources on
bioactive metabolites production

To determine the role of carbon sources on
antibiotic production by the strain, different carbon
sources such as glycerol, dextrose, galactose, maltose,
sucrose and lactose at a concentration of 1% (w/v)
were added to the MNA medium. The nitrogen sources
such as peptone, yeast extract, casein, soy bean meal
and beef extract were amended to the MNA medium
at a concentration of 1% (w/v) to determine the
production of bioactive metabolites by the strain. The
effect of various minerals such as Ko,HPOy4, KHoPOy,
MgSO4, ZnSO,4, CuSO4, FeSO4 and MnSO,4 at a
concentration of 0.1% (w/v) was studied by the strain
on MNA medium for the production of bioactive
metabolites. Final pH of the medium was adjusted to
7.0 and the cultures were incubated at 30°C.

lll. RESULTS

The effect of various growth parameters of
Streptomyces sp. - MSU29 on antibiotic production was
examined on MNA medium. Optimum salinity required
for antibiotic production was determined by inoculating
Streptomyces  sp. -MSU29 on MNA medium
supplemented  with different NaCl (0 - 5%)
concentrations. Antibiotic production was started at 1%
NaCl and reached maximum at 3% NaCl against all
the tested organisms. When the percentage of salinity
was increased, the antibiotic production was slightly
decreased (Table 1).

Optimum incubation period required for maximum
bioactive metabolites production was studied by the
isolate to meet our demand. The antibiotic production
was started after 72h of incubation and reached
maximum level after 120h of incubation and thereafter
gradually decreased (Table 2) against all the tested
organisms.
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Table 1. Effect of salinity on antibiotic
production by Streptomyces sp. - MSU29

Diameter of zone of inhibition (mm)
SA BS vVC EC CA

Salinity

0

1 7 8 9 10 8
2 13 15 17 18 14
3 20 21 24 25 20
4

5

18 19 22 23 18
12 15 18 19 13

SA — Staphylococcus aureus,

BS - Bacillus subtilis, VC - Vibrio cholerae,
EC — Escherichia coli, CA — Candida albicans,
“” No activity

Table 2. Effect of incubation period (h) on
antibiotic production by Streptomyces sp. -
MSU29

Incubation | Diameter of zone of inhibition (mm)
period (h) "SA" [ BS [ VC | EC | CA

0 _ _ _ _ _
24 - - [ - | - | -
48 - -1 -1 -1 -
72 7 g | 10 | 10 | 8
9% 13 | 15 | 18 | 17 | 15

120 21 20 24 25 21
144 19 18 22 23 18
168 16 15 18 19 15

SA - Staphylococcus aureus,

BS - Bacillus subtilis, VC - Vibrio cholerae,
EC - Escherichia coli, CA — Candida albicans,
“” No activity

When the nutrients depleted in the medium the
microorganism produce extra cellular metabolites. The
impact of different pH on antibiotic production was
determined by inoculating Strepfomyces sp. - MSU29
on MNA medium. Among the pH tested, pH 7.0
recorded maximum antibiotic productions against the
tested organism is presented in Table 3.

Table 3. Effect of incubation period (h) on
antibiotic production by Sireptomyces sp. -
MSU29

Incubation| Diameter of zone of inhibition (mm)

period () ™A™ T Bs | vc | EC | CA

0 - - - - -
24 - - -1 -1 -
48 - - -1 -1 -
72 7 8 | 10 | 10 | 8
9 13 [ 15 | 18 17 | 15

120 21 20 24 25 21

144 19 18 22 23 18

168 16 15 18 19 15

SA - Staphylococcus aureus, BS — Bacillus
subtilis, VC - Vibrio cholerae, EC — Escherichia coli,
CA - Candida albicans, “” No activity

The effect of temperature on antibiotic production
by the strain Streptomyces sp. is presented in Table 4.

Table 4. Effect of temperature on antibiotic
production by Streptomyces sp. - MSU29

Temperature| Diameter of zone of inhibition (mm)
0 "sa [ BS [ vc | EC | CA
20 8 8 12 12 10
25 16 18 22 20 18
30 22 22 26 24 20
35 18 20 22 20 18
40 10 10 14 12 -

SA - Staphylococcus aureus,

BS - Bacillus subtilis, VC - Vibrio cholerae,
EC - Escherichia coli CA — Candida albicans,
“” No activity

The optimum temperature for maximum antibiotic
production was noticed at 30°C against all the tested
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organisms. When the temperature increased the
antibiotic production was slightly decreased in the
present study. The isolate was found to be strictly
mesophilic for secondary metabolite production. The
effect of carbon sources on antibiotic production by
inoculating Streptomyces sp. on MNA plates having
different sugars like glycerol, dextrose, galactose,
maltose, sucrose and lactose at the concentration of
1% (w/v) was studied. The impact of different carbon
sources on antibiotic production by the strain is
presented in Table 5.

Table 5. Role of different carbon sources (1%
w/v) on antibiotic production by Streptomyces

sp. — MSU29
Carbon | Diameter of zone of inhibition (mm)
sources
(1%whv)l SA BS vVC EC CA
Glycerol 24 26 30 28 22

Dextrose 20 22 26 24 20
Galactose 8 10 12 10 8

Maltose 18 20 22 20 10

Sucrose 10 12 10 12 -

Lactose 8 10 8 10 -
SA - Staphylococcus aureus, BS - Bacillus

subtilis, VC - Vibrio cholerae, EC — Escherichia coli,
CA - Candida albicans, “” No activity

Among the carbon sources tested glycerol
supplemented with MNA medium provided to be the
best for antibiotic production by the strain followed by
dextrose, maltose, and galactose against bacterial
pathogens. Carbon sources like sucrose and lactose
were found to be negative effect of antibiotic production
by the strain against Candida albicans. The effect of
nitrogen source on antibiotic production was examined
on MNA medium having different organic N, sources
like peptone, yeast extract, casein, soy bean meal and
beef extract were studied. The role of different Ny
sources on antibiotic production by the strain is given
in Table 6.

Table 6. Role of different N, sources (1% wi/v)
on antibiotic production by Streptomyces sp. -

MSU29
Diameter of zone of inhibition
N2 sources (mm)
(1%wiv)

SA BS VC EC CA
Peptone 10 12 16 18 20
Yeast 12 14 22 22 26
Casein 8 10 12 12 14
Soybean meal | 20 20 28 24 26
Beef Extract 12 10 18 16 18

SA - Staphylococcus aureus, BS - Bacillus
subtilis, VC - Vibrio cholerae, EC - Escherichia col,
CA - Candida albicans, “” No activity

Among the N, sources studied soy bean meal
amended MNA medium provided to be the best for
antibiotic production by the strain followed by yeast
extract, peptone and beef extract. N, source like casein
was found to be moderately supported the antibiotic
production by the strain against the tested pathogens.
The role of minerals on antibiotic production was
determined by inoculating Streptomyces sp. - MSU29
on MNA medium is presented in Table 7.

Table 7. Role of minerals (1% wi/v) on antibiotic
production by Streptomyces sp. — MSU29

Minerals | Diameter of zone of inhibition (mm)

(0.1%w/v) "SA T BS | VC | EC | CA
K,HPO, 24 | 22 [ 26 | 26 | 20
KH,PO, 20 | 18 [ 2 | 20 [ 18
MgSO, 22 20 24 24 18
ZnS0O4 - - - - -
CuSO4 - - - - -
FeSO, 10 [ 12 ] 18] 16 | 14
MnSQO4 - - - - -

SA — Staphylococcus aureus, BS - Bacillus
subtilis, VC - Vibrio cholerae, EC — Escherichia coli,
CA - Candida albicans, “” No activity
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Among different minerals tested, KoHPO, showed
positive effect on antibiotic production followed by
MgSO,, KH,PO4 and FeSQO,4 as a sole mineral source.
Antibiotic production was totally absent in the medium
supplemented with ZnSO,4, CuSO,4 and MnSO4 by the
isolate.

IV. DISCUSSION

The media optimization is an important aspect to
be considered in the development of fermentation
technology. This was achieved by a systematic study
on the suitability of various nutritional and physical
parameters required for the growing microbes. The
isolate Streptomyces sp. characterized in our present
study exhibited maximum antibiotic production at 3%
NaCl concentration. The results of the study correlate
with the earlier finding [12]. However, certain
researchers had reported that the maximum antibiotic
production for marine actinomycetes isolated from Bay
of Bengal, India, exhibited maximum production at 5%
NaCl in the production medium [13]. The antibiotic
production by the isolate was started after 72h of
incubation and reached maximum level after 120h of
incubation. The Streptomyces sp. isolated from
terrestrial soil exhibited maximum antibiotic production
after 120h, which coincided with stationary phase of
the culture [14]. Among the pH tested, pH 7.0 recorded
maximum antibiotic productions against the tested
organism. The pH of the medium plays an important
role in the microorganism by causing certain
morphological changes, enzymes and extracellular
metabolites secretion [15]. The acidic pH affects the
antibiotics  production, since actinomycetes are
neutrophiles for growth and antibiotics production in
production medium [16,17]. When the pH increased to
alkaline the antibiotic production gradually declined. The
strain was found to be strictly neutrophilic for secondary
metabolites production, extreme pH were unfavorable
for antibiotic production. The new marine Streptomyces
sp. BT- 408 showed optimal pH 7.2 for antibiotic
production [18]. The optimum pH for antibiotic
production by S. hygroscopicus DI-5 strain is 7.0 [19].
However some Streptomyces sp. isolated from soil
recorded to secrete antibiotics against bacteria, fungi
and yeast at alkaline pH [20]. The optimum temperature
for maximum antibiotic production was noticed at
30°C in the present study by the strain. The antifungal
antibiotic production was maximum at 30°C by
Thermomonospora sp MTCC 3340 [21]. The growth

and regulation of secondary metabolites in
Streptomyces sp. isolated from virgin soil were
recorded maximum antibiotic production at 30°C [22].
These findings correlated with our present study. A
study on the production of antibiotics usually involves
a search for optimal media. Media optimization is
achieved by a systematic study of a large number of
carbon, nitrogen and mineral sources. In the present
study glycerol (1%), soy bean meal (1%) and KoHPO4
(0.1%) as a sole nutrient source showed positive effect
on antibiotic production by the strain. Carbohydrates
such as glycerol, maltose, mannose, sucrose and
xylose have been reported to be interfering with the
production of secondary metabolites in actinomycetes
[23]. The antibiotic productions on synthetic media are
unsatisfactory but the medium supplemented with a
minimal amount of soy bean meal (0.5%) has been
supported growth and antibiotic production by
Streptomyces sp. [24]. 1% glycerol supported better
chloramphenicol production by Streptomyces sp. [25].
This is also true of the strain Strepfomyces sp -
MSU29 used in the present study. Carbon and nitrogen
sources influence for actinorhodin antibiotic production
by S coelicolor [26]. Similarly, pristinamycin production
by S. pristinaespiralis has been governed by No
sources [27]. The basal media amended with K,HPO,4
was found to be suitable for maximum antimicrobial
metabolites production by the strain S. albidoflavus [28].
Likewise, KoHPO, is required for maximum vyield of
neomycin by S. fradiae [29] whereas, metals like
MnSQy, ZnSO,4 and CuSO, are no effect on neomycin
production. This is also agreed by the strain
Streptomyces sp. - MSU29 used in the present study.

V. CONCLUSION

The objective of the present investigation was to
optimize the culture conditions for the antibiotics
production by salt - tolerant antinomycete
Streptomyces sp. — MSU29 strain. The antibiotic
production was reached maximum levels after 120h of
incubation and pH at 7.0 with an optimum temperature
of 30°C. The isolate exhibited optimal antibiotic
production at 3% NaCl concentration. The media
supplemented with glycerol (1%), soy bean meal (1%)
and KoHPOy4 (0.1%) showed positive effect on antibiotic
production by the strain. Apart from normal
actinomycetes, the salt — tolerant actinomycetes are
much less explored group of microbes for their
antimicrobial potential. The media optimization for
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antibiotic production from marine forms is still infancy.
Hence an attempt has been made the optimum level
of culture conditions and composition of media for
optimal antibiotic production by the strain Streptomyces
sp. - MSU29 has been developed in the present study.
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